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Preface 



'Xhls report examines Che appiication of teLeeommunications technologias 
CO tha delivery of public services in metropQiitan communities during 
che lyBU's* The study on which this repoft is based was undertaken at 
cha request of the Diparcmenta of Commerce* Energy; Haalthj Education, 
and Welfare; Juscicej Transportacion; Housing and Urban Development, 
and the U* B* postal Ser\/ice* To conduct the study, the Board on 
TelecominunlcatlOiiB^CQmpucer Applications of the National Research Council 
formed the Steering Committee for the Metropolitan Communicationa Bystems 
Study* The Steering Conunittee's previous report, TelecOM uni cat ions for 
rtetropolltan Areas ; Near Term Needs and Opportunities (ly77), identified 
the telecommunications technologies that could provide useful services 
for homes s businesaes^ and governments up to the year 1980, While the 
focus of these reports ig primarily on metropolitan areas j many of the 
technologies and applications examined here may be of benefit to small 
communicies and rural areas as well- 

The Committee wishes to acknowledge the assistance provided by the 
following contributors to the preparation of Chapter III (Access to 
Fubilc Services from the Home): John V* Bowser ^ Unltad Telecoramunicatlons 
Incorporated; R- Uary Hurke, IBM Corporation* and James E. Goellj 
International Telephone and Telegraph Corporation* 

The Committee also aclcnowiedges the assistance of the following 
contributors to the preparation of Chapter IV on mobile telecommunications 
Lee Blachowicz of Harris H* Communications | William Borman, Martin 
Coopers and Albert Leltlch of Motorola Corporation^ Robert L, Casselberry 
of General Electric Company; George Cooper of Purdue University; Robert 
Ei Kahn of the Uefense Advanced Research Projects 4gency; Peter M» Kelly 
of Kelly Scientific Corporation; George h\ McClure^of .,j^Iartin Marietta 
Aerospace; Ter ranee McUarty of Communications Bat^^feAite Corporation^ 
Jack Neubauer of Urban Sciences, Inc.; Arthur G. Stockerj retired from 
RCAj and W* Rae Young of JBell Laboratories* 

Addltlonaliy i the Conirnittee acknowledges the assistance of the 
following municipal government officials! Marvin A* Andrews s FhoenlK, 
Arizona; 'Edgar F. Urimm, Philadelphia, Pennsylvania | Donald Henley, 
San Bernardino i California; John Lockwood and Robert Waltera , San Diego, 
California; and Robert Bradshaw and Harold S* Rosen, San Jose, California, 
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IN MBMORIAM 



The membera of the Steering Comniittee were saddened by the death 
in Dacember 1977 of a most distinguished colleague, Peter C. Goldraark* 
In addition to his many contributions to the engineering and scientific 
conimunities, he was celebrated for his remarkable innovations for the 
betterment of society* Dr* Goldmark was a member of the National 
Academy of Sciences and the National Acadeiny of Engineering and had been 
an active and effective mamber of the Committee* 
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CHAPTER I 

Introduction and Summary 



This Is the second of two reports about the application of 
telecommunications technologies to selected problenis confronting 
metropoiltan areas. Both reports are summarised in this chapter. The 
purpose of these reports is to inform officials responsible for solving 
metropoiltan problems about the ways in which existing or advanced 
telecommunications might be applied for the benefit of the community* 

The first report ^ Issued in 1977, identified applications available 
immediately and through 1980. This second rej rt identifies ways that 
telecommunications could improve the delivery of public services to 
metropolitan communities during the 1980' s^ The term "public services'' 
is used in a broad sense to include services for which governments have 
at least partial responslbiHty^-^such as health care, education, welfare 
programs, law enforcement, cltiEen safety, energy management and 
conservation, electromagnetic spectrum management, fire protection, 
transportation, housing, and postal service. 

In consultation with its federal sponsors, the Steering Committee 
decided to concentrate on the following four areas i 

# Delivery of Public Services to the Home 

• Operation of Mobile Public Services 

• Personal Security Networks 

# Energy Conservation and Management 

A chapter is devoted to each, with the Initial section of each chapter 
serving as an introduction and summary. 

As its major recommendation, the Committee urges establishment of 
a pilot program to demonstrate the ways in which telecommunications can 
help deliver public services to the home. The Committee concludes that 
the elements of a home telecommunications center already exist, with the 
potential for making dramatic improvenients in the way that comniunlcations 
contributes to the quality of urban life. A major demonstration le 
considered necessary to test the potential for improved service* 
The Committee believes that a bold step must be taken. Disjointed, 
disaggregated eKperiments will not converge in any reasonable time* A 
framework must be established so that opportunities can be puriued by 
industry and government with each sharing both technological and financial 
risks • 
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^ INTKUDUCTIUN ANU SUMMAK^ 

The Committee also recommends that nacionwide impiementation o£ yil 
service be encouraged— by Xegisiatlon , i£ necessary. 

In mobile communications, the Commltuee finds that because the uses 
of mobile radio for delivering public seTvices are many and varied, no 
single moblla system approach la likely to provide a universally 
appropriate solution. Several new developments in technology will permit 
more efficient use of the frequency apectruni, but such improvements result 
in systems of Increased sophistication, and should not be expected to 
yield any dramatic reductions in cost. ,uun. 

For high-capacity mobile telephone aervice in the early 1980 s 
cellular systems appear to be the moat promising. With cellular systems, 
more vehicles can be integrated into the national telephone network 
with essentially the same quality of transmission and grade of service 
as now experienced in the telephone network. 

To enhance the individual's sense of personal security, and as a 
contribution to a more systematic study of crime and Its prevention, the 
Committee recommends some preliminary eKperimenta of community security 
telecommunications networks, using slmpie equipment and operated by the 
community members chemselves. i 

In energy conservation and management, the Committee concludes that 
telecommunications can be applied in several peripheral but potentially 
significant ways: substituting for travel, transmitting demand and pricing 
information between consumers and utilities, and facilitating the 
marketing and transfer of bulk power. Telecommunicfltions technologies are 
avSabll but other obstacles must be overcome, including the widespread 
preference for personal, face-to-face encounters, the uncertainties about 
utility-rate design and extent of cooperation between utilities, and the 
arguments against increased bulk power transfers. The Committee recommends 
a number of studies that would assist in clarifying the potential of 
telecommunications in energy conservation. 

Because such applications differ markedly in character and scope, 
It was not possible to analyze them in an identical manner. Yet, where 
possible, the Committee has sought to: 

• idencify approaches for upgrading telecommunications 
that could be implem.ented during the lyau's; 

9 evaluate the feasibility of this upgrading and to 
describe approaches for minlraizlng any perceived 
barriers; 

• describe the associated social, economic, and energy 
costs and benefits j 

• estimate the likelihood of utilization, and 

• suggest, where appropriate, trial projects and 
demonstrations . 

The Committee's earlier report, Tel ^ronimunicatlonB for MetropollLa^ 
Areas: N_eax=TermN6edi^anOE£S^^ ^ review and evaluation of 

7?iient and evolving telecommunications technologies as applied to near 
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cerm metropolitan needs and oppor tunitieg (until 1980)* The Committee 
found chat while uelacommunicationa £ilready provldeB significant services 
to support both private and public functions In metropolitan areaSj 
opportunities remain. Planners of urban services need to recognise such 
opportunities in a more analytical manrier by aggregating urban needs 
and bringing them into sharper Idcusp To achieve greater awareness of 
the potential of telecommunications to support the delivery of public 
serviceSs urban administrations should engage Individuals trained in the 
disciplines necessary to make computer^communicatlona systems work 
effectively- Yet, seeking ways to apply ex^scing and new technologies 
supplements rather than eubstltutes for the ha^rd systemB analysis of the 
public service functions to be performed* 

A second objective of the previous study was to investigate whether 
the Integration of telecommunications facilities and services would result 
in greater ef f ectlveneas * On that Issue^ the Committee concluded that 
although the Integration of facilities and services should be considered, 
it may not be the most cost-effective response to rnetropolltan needs and 
telecommunications opportunities. So many dissimilar requirements exist 
that each situation needs to be studied separately and on Its own merits* 

in these reports^ the Committee has sought to provide the urban- 
service planner and the urban administrator with a better understanding 
of the potential of state-of-^the-^art telecommunications technolDgy to 
improve the delivery of public services. We urge public officials to use 
the best technology available on a practical , economical basis, and not 
to put off action in the eKpectatlon that tOTnorrow's technology will be 
better* Because of the rapidly changing nature of technology, urban 
administrators are urged to keep up with new developments and 
possibilities for implemencation to be able to evaluate prospective 
service benefits and reduced system costs. 

Effective utilization of technology requires the ability to match 
an opportunity to adopt the technology with a need for more efficient 
achievement of service objectives* Making such matches requires both a 
clear statement of public service objecttves (defined largely In terms 
of desired capabilities), and an understanding of the technology 
(characterized largely in terms of service features rather than hardware)* 
In some cases, the realignment, consolidation, and Integration of public 
service activities themselves may facilitate the use of new technology 
or may so change the cost/benefit ratio as to make its early application 
economically feasible . 

Telecommunications is but one element in public service systems, 
whose improvement depends more on large-scale rationalisation and change 
than on attempts to correct deficlencieg by modifying a single component. 
While it is possible to generalize about how teliconiinunications can best 
serve public needs in metropolitan areas, the most practical and useful 
strategies can be drrived from measured evaluations of realistic 
demonstrations, and from studies focused on specific tnetropolitan 
communities. 
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CHAPTER II 

Technological Projections 



Improving the dell\rery of public services through teleconiraunlcations 
does tiot nacesaarlly require the use of the very latest technologies. 
As this report will make clear, the delivery of public services can in 
some cases be enhanced by more systematic use of mature technologies. 
Nevertheless j Important advances in telecommunications technologies 
will be available for implementation during the l980's* To establish 
the technical background for the report's proposalgj sonie of these 
advances are briefly summarized here* 

relecommunicat ions systems are composed of three major subsystems: 
terminals, transnilssions and switching and control. Specific advances 
in technology usually improve only one or two of the subsystems j but 
with each major improvements the system as a whole must be rebalanced 
for maxiinUiii syatem service at minimum system cost- The technologies 
expected to Induce major changes in telecommunications systems during 
the 1980*s are Integrated circuits^ digital techniques, and optical 
transmission systemsp 

Integrated circuits * an outgrowth of transistor development and 
sophisticated sol±d--state electronics, are approaching levels of 
reliability, cost, and capability likely to hasten their application 
in local-^servlce terminals. As microprocessors * they perform digital 
computer functions In matchbook-size packages. The trend to greater 
capability and reliability at even lower cost is expected to continue 
for many more years. The application of scientific techniques already 
known could support such a strong prediction even in the unlikely event 
that no more scientific breakthroughs occurred* A desk^-sige computer of 
the early 1960's that cost $30,000 had a computing capacity now matched 
by a microprocessor the size of a postage stamp that costs only $15, 
Local telephone service will make increasing use of such devices in 
accepting, switchings and transmitting calls, and in operating terminals 
In homes and offices. 

Digital technology owes its existence in large part to developments 
in soild-state Integrated circuits for the computer Industry. Digital 
slgnals'^'-very short electrical pulses^-are used in t^o distinct waysi 
as the language of the digital computers controlling the switching in 
telaconiinunlcations systems » and as representations of both data and voice 
for more economical transmission between telephone exchanges in high- 
density areas* The voice signals are reconstituted at the receiving end 
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TECHNOLOGICAL PROJECTIONS 



with iuch fidelity that users are unaware of the digitizing process. 
As an eMmple, the pulses representing the speech of several callers 
are actually interleaved Into one continuous bit stream, and then sent 
to the destination s\i?ltchlng center on two wires originally installed 
to carry only one conversation. Swift and orderly conversion of all 
voice signals to digital pulses for transmission through the network is 
taking place today. The economies of dlgitiging voice communications 
are so great that most observers believe the telephone network may be 
almost entirely digital by the year 2000, 

Optical transmigsion Is just beginning to emerge from the 
laboratory, and is already showing great promise for reducing costs and 
inaklng possible new comniuntcations services* Ultra^transparent glass 
fibers^ a natural transmission medium for pulsed light signals easily 
produced from lasers or light-emitting diodes, reinforce the trend 
toward digitized telecommunications networks. Their first application 
in the telephone network will be for carrying digitized voice signals 
on the trunks between telephone eKchanges , where they are eKpected to 
be cost--competitlve with copper cables by the early 1980' s* An 
especially attractive feature of glass fibers Is their ability to carry 
a large volume of traffic In less space than coaxial or tnulticonductor 
copper cables, and to do mo without causing or being sensitive to 
electrical interference. Fiber optics will probably be used first on 
new routes and on underground routes now built to physical capacity. 
Full conversion, particularly of local loops to residences^ may not take 
place for many years unless demand develops for new wtdeband services 
to the homa- 

Although it may take some time before optical fiber technology 
proves economical I such fibers may some day provide connections to every 
home and office—the same fiber carrying voice, data, video ^ and other 
signals simultaneously. At the customer's terminal , integrated circuits 
would separate the several signals from one another Instantly. This 
vast information^carfying capacity could greatly increase the versatility 
and utility of telecomniunicat ions services* 

New technologies pass three tests on their way to the marketplace. 
Initially^ the technological theories need to be confirmed by actual 
€Kperir:.^-nt ; then, systetne employing the new technologies must be 
engineerLfd and found operationally reliable, and finallyj a system 
Incorporatir the new technology must be viewed as cost-'eff active by 
potential users. In order to be useful in the 1980* new technologies 
inuat now be at least in the engineering stage. In this report, the 
Committee uses the term "technical feasibility'' to reflect high 
confidence that a reliable system can be engineered, but not necessarily 
that users will find such a system cost-^ef f ective. 
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CHAPTER III 

Access to Public Services from the Home 



Enormoue resQurces are being spent for such public services as medical 
care^ remedial education^ and emergency sarvices. Delivery of such 
services by government and the private sector takes many and varied fojrms* 
Our quastioUi then^ is how can teleconimunicatlons technology improve 
service delivery and reduce costs? Furthermore | can the technology be 
applied in a way that permits its use by the urban public^ especially 
by the uneinployed ^ the sick^ the handicapped , and the elderly? 

The potential of modern telecommunications to provide ser\flces to 
the home has been described by several coDimlttees and individuals (Baeri 
1971; National Academy of Engineerings 1971; Sloan Commission on Gable 
Television, 1971), On the basis of this work, some limited projects 
demonstrating such services were initiated with government supports 
primarily, though not eKclusively^ based on two--way cable (Mroslnakij 
1975) . But the promiae of expanded servlcea that could become available 
to a "wired city" have not been realised, in part because of the single"^ 
thread or one^service nature of the projects and the llmitatloa of 
objectives in order to conserve funds s in part because of the almost 
CKclusive use of a single telecotmnunications medium and the heavy emphasis 
on the technological aspects of the projects. 

Today's telephone, radio j television and cable technologies^ 
together with new developments that can confidently be predicted for the 
next few years ^ are mote than equal to the task of providing innovative 
telecommunications services for use by the average citizen* What is 
needed is a concerted effort to provide a variety of services over an 
integrated comniunlcations-inf ormation system so that the feasibility of 
sharing facilities and operating costs can be firmiy estabHahed, Such 
an effort will require a consortium of government and industry and the 
cooperation of the public- Some of the services are likely to be those 
that are now provided by the private sector, such as entertainment * 
^hile j'thers will be those now provided by gDvernment| such as emergency 
and information services* Without including both public and private 
services, such a project is doomed to failure i public services by 
themselves cannot support a wired city# Furthermore j industry | with no 
experience on which to base an eKpectation of future profits j and with 
no single organization able to provide a full complement of 
telecommunications services Ctelephone, radio, television and cable), la 
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8 ACCESS TO PUBLIC SERVICES PROW TM HOHE 

umble to proceed. In this situation, govsrninent can, and shoiild , help 
to generate some momentum. 

With current technology, opportunities already exist for Innovative 
cotamunications services to the home, as Illustrated by the rapid progreaa 
hetng raade in other parts of the world. In the United Kingdom, trials 
of TaleteKt (CeefaXj Oracle aiid Vie^^data)^ are underway (Willsorij 1^77). 
Iti Japan, govertinient and Industry have begun fteld trials of a wide 
variety of services using cable systems (LVISDA, W7) and fiber optics 
(l\fISDA, ly76)* In West Germany, plans have been reported for criala of 
hcth Teletext and services using fiber optics CFascher, 1977 | Wireless 
Wcrld, iy77). Interest has been expressed in a Viewdata system in 
Sweden, the Federal Republic of Germaniy, France, and Italy. Nowhere in 
the United States are such developments being pursued as broadly. It is 
niPt Idle speculation to suggest that advanced telecommunlcatiDns will be 
datnonetrated first in Japan, Europe, or the Middle East, and then 
Imported to America, Who can tell what effect this would have on our 
doinestlc communications industry? 

The Commtttee believes tliat a bold step must be taken. The present 
paths of today's disjointed, disaggregated experiments will not converge 
in any reasonable tinie, A framework must be established within which 
these opportunities can be pursued by industry and government sharing 
financial risk and techtiology for the public good. hS^lJi^SMMt^ 
multiphase demons tratlon project should be undertaken to_ detey^lng^Jhe 
ba^t wa y to use" a conibl natiDn of telephone, radio , televis^ton^^and^^cable 
to provide innovative conunuulcations services to the public. 

An outline of such a project is given in Section B of this chapter, 
^fior to that. Section 1 briefly discusses the households of the future, 
Sectloiis 2 through 6 give exarnples of services that might be delivered 
to the home by telecommunications, and Section 7 outlines the possible 
ways that home communlcations-inf ormation centers might develop* 



^tlLErEXT is a specifirTexc and graphics presentation intended for 
display on standard television receivers. It was designed by engineers 
at British Broadcasting Corporation (BBC) ^ and presents (in the U. R.) 
a *^page'^ of 24 lines of 4U characters per line, in up to seven colors 
(including white). 

CEBb'AX is the BBC service that provides Teletext information to the 
public by including data on unuBed scan lines in the TV signal. 
ORACLE is a slallar service provided by Britain's IBA (Independent 
Broadcasting Authority) . 

VIEWDATA Is a system developed by the British Post Office to provide a 
W'ide variety of Information In Teletext forinat to the public over the 
tiliphone network. The service is offered under the name FRESTEL, 
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Section 1 Th© Future Home Environment 



The metrDpolitan household depends on the real-time communications 
medla-^'-f adio > television^ and the telephone^^f or infotmatiodp assistance , 
social Contact, and enterdaininent. 

Integrating axis ting technologies with those now in dtvelopmerit ^ we 
can look forward to new combinations that provide greacer coMunications 
capability for families in the ^SO'S, creating Increased opportunities 
within the home to gain access to a broad spectrum of public aervices to 
the benefit of both the cltlEen and his govarnintnt* 

Any forecast of future applications must take into account America's 
changing lifestyles* 

Projecting the trends that have developed in metropolitan living 
over the last few years (p*34, Natlpnal Research Council^ 1977a), ve 
conclude that by 1985, there be approximately 60 million households 

in the metropolitan areas of the United States , Of these, approKimately 
60 percent will be headed by a man and a woman (with or without children), 
another 10 percent will be headed by one person (usually a woman with 
children), and the remaining 30 percent will be units maintained by 
individuals living alone* During the day, when schools are in session, 
perhaps only 30 percent of the family dweilings will be inhabited. There 
will be about as many units occupied by elderly persons living alone as 
are occupied by non^wofking wives with children* If present trends 
continue Into the '90' s, there will ba a shift toward more units occupied 
by the elderly as the number of elderly people continues tOf increase and 
the number of children stabilises or decreases. 

For the households headed by one person, for households maintained 
by individuals living alone, and for the 70 percent of dwelling units 
unoccupied during the working day, there will be an increaatng demand 
for security monitoring and for preprogrammed and reniotely controlled 
household services* The working head of a hoasehold will find It 
economically advantageous to turn off air conditioners while the dwelling 
Is unoccupied, and to have them turned on either autoinatically or by a 
device that Is called remotely to turn on air condltlpners ^ ovens, or 
heating units* 

In households of the elderly particularly, thera will be rising 
concern for personal security, for emergency services (especially If 
disabling household accidents occur) , for social welfare, for 
socialization, and for other services* 
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In Sections 2 through 6, we discuss examples of possible public 
servicei that could be provided in the horne (or Immediate community) as 
they relate to: 

• Information Services 

• Education Services 
% Health Services 

• Etsergency Services 

• HDUsehold Manageinent Services 

The applications we describe are not new* The concepts date from 
the lata l960'u, but their implementatioii will be eaiier with the 
tachnology of the 1980's* 




Section 2 Information Services 



Public service agencies now pfovide inforsiation about jobs, medical and 
Insurance benefits, Social Security, coiiSOT#r guidance, and taK 
assistance. To gain access to such Informatloni a citizen usually 
appaars in person at the appropriace govetpment office. Searching out 
the right office can be frustrating and tlme-^consuming. Many government 
facilities now contain information centers to answer general questions 
and guide the clttEeri to the proper offite* For examplei the federal 
government j through the General Services Admlniacration , opened its first 
pilot Federal Information Center in 1965 » and subsequently eKpanded this 
aervice to 37 centers throughout the countfy* The centers use toll-free 
tle-=Hnes to an additional 40 cities and n^y cover about 55 percent of 
the country *s population on a local-^call basis . Last year. Federal 
Information Centers handled more than 7 milliori requests * of v?hich 
65 percent were made by telephone* 

Making informatton available directly to the home in an easily 
understood forrn i& a natural eKtension of traditional governnient 
information servlcas. Since most Households in the United States have 
both telaphone and television services, the means eKist for providing 
such information directly ^ without substantial additional coat to the 
householder. 

The Social Security Administration operates teleservlce centers to 
provide information by telephone to the general public about its eyitem, 
to initiate post-^enti tlement actions for beneficiaries, and to refer 
calls about pending issues to appropriate offices. About 20 million 
calls are received annually* The Internal Revenue Service allows any 
taxpayeT in the United States to make a toll-free call for assistance, 
Information s or clarification of bills and notices. Of the 40 million 
requests received annually by the IRS^ 70 percent are by telephone. For 
the hearing'^impalred, the IRS accepts calls by TV^PHONEs a standard 
typewriter^style keyboard that connects to the phone system through an 
acoustic couplet and uses a home television for display. The same type 
of service for the hearlng^^lmpaired la also available at some hospitals 
and libraries J and from local governments - 

Three broad levels of information services can be distinguished. 
The first is a simple data-base query that requires only an automated 
response. ExatBples in the public sector Include job listings ^ public 
transportation information, public building hours; in the private sector, 
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restaurant servicei, entertainment inforination, stock prices, and so on. 
Several countries In Western Europe are developing an innovative service 
known as Viawdata, In which data requests and responses are transtaitted 
over the switched telephone network for display on television receivers 
through supplenientary electronics, A variation of Viewdata belni eKafllned 
tn the federal Republic of Germany would use a broadband cable network 
for interactive data transmission. 

The second level of information services that could be provided 
directly to the home is characterised by the requirement for personalized 
tnformacion frotn the government agency. For example, a citizen could 
call a phone center for information about his or her unemployment 
benefits, Social Security status, or veterans benefits. In the private 
sector, typical second-'level services Include insurance claims and credit 
card applications. Some government agencies are already experimenting 
with the concept of providing personal services by telecommunications. 
For eKatnple, the Spcial Security Administration has set up pilot centers 
to process requests for information and changes in status. 

The third level of information services that could be provided 
directly to the home involves Interactive personal services such as 
counselling, response to crisis situations, or medical advice for specific 
classes of cltiseni. An information systein for such services could 
provide a point of contact for isolated citizens, and could be designed 
to help the caller analyse the problem* 

4t all three levels, some computer support is essential for rapid 
Information handling and responae. Indeed, in the first (data query) 
level, the interaction is only with a computer. The trend in public 
information services seems to be away from the personal one-to-one service 
and towrd computer-^assistea response. As the costs of providing personal 
response go up, more information will be made accessible at office sites 
through computer Information terminals without personal assistance from 
an agency employee. (At this time, it is unclear to what extent the 
humn intermediary will, or should , eventually disappear.) 

The next step may be to permit remote access to such information 
from terminals in local centers or in the home. Indeed* home retrieval 
may be encouraged by private sector enterprises. In the future, messages 
could be delivered to the home over telephone wires to the television 
set, as in Viewdatii, or mlKed with broadcast television signals^ as in 
Ceefax and Oranle. Some private sector organisations can be eKpected to 
support mah systems ^ thereby providing a base on which public services 
can be overlaid. The overriding need for a seller of goods or services 
to give notice of their availability is strong incentive to support a 
flexible home information system* 



The widespread availability of computer time-sharing services and 
the existence in the United Kingdom of such eKperimental services as 
Viewdata, Ceefax, and Oracle leave no doubt that it is technically 
feasible to provide interactive information services in the home. 
Acceptance by the public will depend on the cost of the service, the 
degree of difficulty in operating the terminals, the degree of litiracy 
required, and reacClori to the loss of human contacts. 
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Barrier s to Implementation 

The creation of data bases coiitainirig ganaral inforDiation on 
benefits and their prerequisites, or highly specific Information about 
the status of a citizen's claiin or payment, is a task of no small 
difficulty. Nevertheless J the technical problems c^n be solved. Of far 
greater concern is the question of i^liether citizens would be satisfied 
with automatic public inforrnation and services. Would they consider 
it sufficiently reliable to form the basis for significant personal 
decisions? Would a system v^^lthout personal contact foster a buraaucracy 
inaensitiva to the needs of the individual? Would operation be simple 
enuugh for the majority of citiaens to use it satisfactorily? How 
frustrated would users become if unable to obtain Certain information? 
Anyone who has used a time'^sharing terminal knows the feeling of utter 
helplessness when the machine responds "IMPROPER syNTAX—REENTERi 
Worse , would users become disillusioned because they received wrong 
inforniation as a result of not asking the right question? 

Another important issue concerns privacy. Will it be possible 
to protect personal information f rom unauthorised acquisition and use? 
Can a data base that contains many millions of confildential records be 
simpla enough for the average individual to use remotalyj yet secure 
enough to prevent penetration by unauthorized people skilled in computer 
technoiogy? What are the added system costs to provide privacy? 

Finailyj as with any technical developmnnt that replaces people ^ 
there is the issue of support within the bureaucracy* Will a department 
head support the development of a system that reduces the department's 
staff and may transfer a substantial portion of its budget to data^ 
processing? 

Likely E Ktent of Utilization 

Many citiEen.^ are not in frequent touch with government agencies; 
for thems income tax time is the only period when they consider 
requesting information or asking advice. Others require fairly frequent 
communication^^the unemployed ^ the poor, the handicapped , and the 
eldarly^"as they seek informaclon about requiremetics and benefits. As a 
group, they make up close to one^quarter of the population* Because many 
of them may also require counselling or the assurance of human contact, 
they may well be motivated to use inquiry stations located in government 
information centers, community centers, and other central points* 
Initial impiementation of tlb^ inforniation service at such centers has 
the advantages of introducing new technology in a familiar environment, 
continuing the element of human involvement, and providing a natural 
vehicle for feedback to the designer prior to impleitientatlon in homes* 

If the private sector develops commercial InfoMatlon services 
chat send data over telephone wires for display on telavision setSj 
certain public services could do likewise. It seenis unlikely, however, 
that specific personal information would be included* Information would 
be of more general interest, such as schedules, news, and registration 
reminders that many people may wish to obtain from time to time. 
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B enefi ts and Coses 

An accessible information iystem could inake essantial public 
inforoation readily available on demand at convenieni: points, thereby 
reducing unnecessary travel and frustrating delays. Both the government 
and the public should banefit. Only linportftnt maCters would require the 
citizen to visit a government offices in turn, governinent employees 
would have more time to devote to substantive problems. 

Because much of the Information dispansed is already itored in a 
computer for easy manipulation, creating data flies for an 
information system would not appear to be an Dverwhelniingly costly task. 
Local InfoTmatlon-center terminals might tost saveral thousand dollars 
each (the range of today's tlme=sharini cermlnals) and a terminal to be 
used at hone would cost several hundred dollars (the range of today s 
television receiver). 



Re c omtti enda t Ion 

As a first step, it is recominended cHaf federal government 
depar^SS^^^^IuMmafe£Z^S^^L-£^£^^°"^ necessary to 
rstabllshajgn£!dMa-..^g.^£^^ information frequently 

pg-^n^y^^ the usefulness and 

^^^^^^S%fjaki^^£hJnfg^lo3_a^^^g elect ronjcaljXJt 
aovernment information canters. 
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Section 3 Eduoation Services 



We seem to be on the threshold of a "learning soGlety*' In which learning 
is regarded as essential not only for the survival of man, but also as 
a route to social and Individual maturation (Bronowskl, 1974), the key 
to personal developmant and adaptation to the social changes wrought by 
new knowledge and technology. Technology, which itself requires more 
independent and self ^directed learning, can at the same time improve 
access to learning opportunities (Wedemeyer, 1976)* 

Educational services of the future should not only serve the full 
range of learners in society, but should also be concerned with the 
residual effects of leas effective education* Not all children and youth 
received an adequate education in the past, and as they have grown into 
adulthood, they have carried with them the learning deficits of their 
school years* Since World War II, such learning deficiti have become 
itnpediniants to steady employTnent, job aatisf action, successful parenting, 
and effective participation in the affairs of a rapidly changing society. 

Persons with learning deficits may have suffered some degree of 
learning trauma during school attendance, and therefore find it difficult 
to turn to standard schooling, which they expect to be Ineffective in 
helping them. 

Supplementary educatlQn services that are mere extensions of regular 
schooling at fiKed places and times do little to Improve access and 
opportunity for those who most need to overcome learning deficits, and 
tend to perpetuate barriers to their continuing education. Delivery of 
educational services to the hotne by telecommunications could overcome 
some of these problems as well as expand educational opportunities for a 
whole range of citizens^ pre— schoQlerSs elementary and secondary pupils^ 
employed adults, the home'-bound , the handicapped, and the elderly. In 
view of the population trends projected earlier, evening hours could be 
used to supplement the education of those who attend school, or ^ho work 
during the day, while services during the day might be directed to 
preschool children, mothers occupied In the home, the handicapped, and 
people in institutions. 

A demons tratlon program has recently been reported whose aim Is 
to provide educational services through telecommunications for the 
handicapped (Upton, 1977). Similar services could be provided for 
preschoolers in metropolitan areas* The communications technology eKlsts 
to allow each preschooler to have regular interactive sessions with an 
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electronic tutor. Starting ac day-care and community centers in 
metropolitan areas, the program could be expanded into hoines as the cost 
of terminal equipment decreases. If implemented on a national scale, 
cable-TV and satellite networks could be used to distribute program 
material. The same basic coramunications system could be adapted for use 
by the elderly, the handicapped, the homebound and people In institutions. 

Children and youth could be served by preschool prograins, by 
programs for exceptional pupils, dropouts and advanced learners, 
by compensatory and preparatory programs , and by programs that reach 
parents, children, and youth learning together. Adults could be served by 
courses and materials that lead to certification or accreditation at the 
high school, vocational-technical, and university levels; by materials 
for persons with personal^ economic, vocational, and social or 
developmental needs; by post-experience courses that would provide adults 
the opportunity to retrain for new careers or at new levels or to re-enter 
advanced and degree programs. 

Instruction could be diffused through an interactive communications 
system* Access to services could be provided in the home , workplace, 
office, community center, library, museum, or other institutions as 
available and appropriate* 



Feasibility 

Hundreds of experiments and demonstrations on the use of technology 
in instruction have consistently confirmed the feasibility, efficiency, 
and cost-effectiveness (for volume use) of using the telecommunications 
media for instruction of distant, Independent learners (Dubln and 
Taveggia, iy6y; Advisory Committee on Issues in Educational Technology, 
iy/4; National Academy cf Engineering, 1^73; Carnegie Comniission on Higher 
Education, 1971). Purveys of learners indicate readiness and willingness 
to learn through technology (Wedemeyer et al . , 1971). The Committee's 
earlier report (National Research Council, iy77b) examined a number of 
promising applications* Non-traditional, independent programs for 
learners distant from schools and teachers have successfully served 
millions of youth and adults through various formats and technologies 
for nearly a century* Universities, university eKtanstons, conurunity 
colleges, specialized institutions such as the University of Mid=Amerlcaj 
and many private institutions, as well as business, industry, and 
government have created programs that could be models for education 
services in metropolitan areas. The technical and educational feasibility 
has been well established (Wedemeyer and Najem, lyby). 



Barriers to Imp 1 erne n tat ioji 

There are several barriers to the creation of a system of education 
services that employs telicommunlcatlons and computer technology for 
delivery to the hornet 

1) Soltware development . The difficulty and expense of good software 
development "has discouraged or prohibited many educators from work in this 
area. Part of the difficulty in software development has been the 
persistence of the old classrobm learning model, which has to be abandoned 
in the development of appropriate software for new systems learning. 
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2) Teacher education and developrnent of leagnlng theory. Some teachers 
have had no preparation for conducting education outside the school* 
They are subject--niatter centered by professional preparationj and they 
feel incapable of acquiring the necesaary skills to contribute 
effectively to non-traditional educations even If they wanted to. Theory 
about learning outside schools* by adults and aelf-^directed learnerSj is 
only now receiving general attention, 

3) Demand vs. need * The two-way home video experiment at Spartanburg, 
South CaroiinaC Lucas and Quick, 1977) has shown that need does not 
necassarily translate into demand. Although 62 percent of the adults 
there had not completed high school, participation in the high school 
equivalency program was not as great as expected. The anomalous 
differences between that experiment and other studies reported below need 
to be batter understood, 

4) Attitudes about lear ning * Barriers may also exist because of the 
Importance that some teachers i parents, and students attach to the 
classroom and the teacher^learner relationship. It is almost impossible 
for some people to think about learning without assuming that it is 
synonymous with schooling. The self ^concept of educators (among the 
most succeasful products of schooling) often encourages them to follow 
the models by which they were taught and whicb they now profess. We 

do not dispute that a vital part of education is the human relationship 
between learner and teacher. Technology cannot substitute for human 
relationships 5 but such relationships can be si.stained over distance 
by electronics where the communications medium itself is perceived to 
be responsive™a perception dependent on the quality of software j not 
on the medium itself. Building a "wall of electronics" is no way to 
develop social skills in a pre--schooler j provide assurance to the elderly, 
and assist the handicapped any more than It Is a way to run a business 
(Carne, 1972), Nevertheless ^ a combination of communications and 
electronics should be able to provide a tireless facility that can 
stimulate the learning of facts, skills ^ and good learning habits. 

Likely Extent o f Utilisation 

In 1974, the ''learning force-' in the United States consisted of 100 
to 120 million people^ of which about 60 million were formally enrolled 
in public and private institutional programs (elementary to university 
level) i and another 40 to 60 million were involved in vocational ^ 
technical. Informal, and independent learning programs. It appears that 
enrollments of part-^time learners in all types of post^secondary and 
independent study will continue to Increase. 

It is estimated that in the United States, 40 percent of the adults 
over age 25 have not completed high school, 22-5 million adults have not 
completed elementary school | and 11.5 million adults are functionally 
illiterate. Learning deficits in a complex and changing technological 
society are among the cruelest of all deprivations. 

But what proportion of people with needs will actually make use of - 
education services of the kind proposed? This question cannot be answered 
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without specific studies in targeted areas, when program content and 
format are known* However » there have been consistent general responses 
to Burveya In various parts of the country that provide a broad picture 
of interest and intentt From one such survey (Wedemeyer et_ al* , 1971)1 

• 23 percent of adults are interested in_.npn-degree continuing 
education; 

• 27 percent of adults are interested in education leading to a 
degree; 

9 64 percent think they could successfully complete more educatloni 

• 46 percent wish they had acquired more education; 

m 38 percent want more education for job or career advancement ^ 
9 32 percent want more education for aelf development | 

• 66 percent want to continue learning; 

• BO percent think media and technology could be used to improve 
access to education. 

In Section 1, we pointed out that in the 1980 's, the majority of 
adult women will participate in the labor force. For those with 
praschool children, this implies the use of babyslttera or daycare centers 
The installation of interactive terminals in day care centers would make 
them available to many of the nation's children* As the cost of terminal 
equipment decreases, installations could be made in the more affluent 
homes and eventually in all homes with small children, 

A similar pattern might be established for the elderly, the 
handicapped, and those seeking remedial and vocational education* Initial 
installations could be in community centers, or other central locations, 
with later dissemination to homes. 



Benefits a nd Costs 

The telecomraunications-^based services we have described could benefit 
the public by Instilling early learning skills and attitudes In 
preschoolers, providing remedial and vocational education, and opening a 
window on the world for the elderly and the handicapped* h large initial 
and continuing cost would be incurred by the development of program 
material-^a cost that should be recovered by the reduced eKpenee of 
providing remedial education later in life. 

In time, the cost of terminal equipment should approach the cost of 
a television set* There would be other initial costs for the data-^base 
hardware and computer-based management system (centralized or distributed) 
The preparation of program material and the use of distribution facllltiee 
would create continuing costs. In a large iystem, the per^subacriber cost 
might eventually be equivalent to typical monthly rental fees now charged 
for cable^TV service. 
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EKperltmt at the Open University of the United Kingdom confirms 
predictions of reduced costs per unit of instruction when the 
telecomniunicatiQris media are used in a large system of instruction. When 
high volumes are aggregated across numerous metropolitan communities , the 
per-unit costs of education services to learners at honte are likely to 
decline* 

The ecofiomic advantagei to society of a better educated populace 
can be compared to the cost to society of learning deficlcs~in terms of 
institutional care, welfare payments ^ community unrest, and unused human 
talent and potential, 

Rgc^mm endgtt^ri 

It is recQmniended that the Departm ent of Heal^th, Educations and 
Wei fa r e ^ jPP o r t a n d e ncou r a g_e_^he__e xpe r Iment al^e v^el opma ii t of a va r i e_t y 
of roed^la^sji^ of crga_tin£ 

attractive educ at j-On op^portmilties for ^11 * 




Section 4 Health Services 



Under certain conditions, many medical problemB can be dealt with at the 
periphery of the medical care system with a very high degree of safety. 
Because decentralization of patient care involves the substitution of 
personnel with less medical skills than physicians, and may reduce the 
number of trips patients make from their homes to a hospital or clinic, 
it may be in the national interest from the viewpoints of containing 
medical costs and of reducing energy used in transportation. Efforts 
in this field using telecommunications-aided paramedics at a medical 
care site have made credible such decentraliaation (Bashshur et al. , 

\n its previous report (National Research Council, 1977b), the 
Committee reviewed potential telecommunications applications in the 
delivery of health care generally. This report discusses two examples 
of decentralized care involving the use of telecommunications. 

One example is the treatment of a patient who has already been 
diagnosed to have uncomplicated hypertension (high blood pressure of 
unknown cause but without other interacting disease) and has been given 
medication to keep blood pressure within well-defined limits. The 
patient is under the care of a physician equipped with a coinputer 
programmed for the management of hypertension, and for the Identification 
of patients who have not visited the physician within weil-established 
Intervisit Intervals. Non-physician providers obtain information, 
evaluate results, and ask for physician intervention when necessary. 
Through the use of automatic Instruments and a terminal in the home, the 
patient could transmit Information about his physical condition to the 
non-physician health provider and answer a set of questions presented on 
a terminal to establish whether the hypertension is within the desired 
range, whether complications have arisen, and whether undesirable side- 
effects of medication have occurred. If there are no unusual findings, 
the patient will have saved a visit to the health care facility. If there 
are unusual findings, the patient will arrive at the facility with a 
specific reason for the visit, which should make the visit more efficient. 

As a second example of the potential of telecommunications to 
improve the delivery of health services, consider the patient hospitalized 
with acute myocardial infarction (heart muscle damage from localized 
Interruption of blood supply). At present, treatment normally involves 
hospitalization for 14 to 21 days. A number of trials (Hayes et al. , 
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1974| Hutteret^, , 1973; Bloch gJL aJ . , J 974; Abrahaiii et al * , 1975; 
Harpur e_i Jll • , 1971) have demonstrated that early walking and discharge 
is not detrimencal and may, in factj be bunaficial to the patient. The 
reluctance of both physician and patient to consider early discharge 
might be overcome by the assurance that the patient could be 
systematically monitored after discharge for a period at least as long 
as he would have stayed in the hospital. Such monitoring could be 
achieved by telecommunications if autoniailc InstrumentB were used to 
transmit an electrocardiogram on request and to monitor pulse rate and 
regularity* Even eupplemented by a daily visit from a trained nurse » 
the total cost would be substantially below a day^s hospital stay* A 
baseline check on the patient's condition would be made upon his arrival 
home* A home measurement of cardiac rhythm, which can be monitored by 
telecommunications s will indicate the existence of premonitory 
arrhythmias calling for transfer to the hospital or for medication at 
home* Should unusual symptoms develop j the monitoring equipment could 
automatically call the medical center, relaying data to enable an 
informed decision whether to counsel the patient by telephone, to 
dispatch a physican's aide, or to bring the patient to the hospital by 
ambulance^'^again j with a specific reason for further hospitalization* 

We recognise that the most pressing concern in monitoring a patient 
with acute myocardial infarction is the possibility of a sudden 
electrical failure of cardiac rhythm. This kind of emergency must be 
responded to in minutes, which is the classic justification for the 
coronary care unit* If the patient should experience such an event at 
home, there may be insufficient time to reach the hospital* Two points 
must be made In this connection. The first is that work by Mather et al^ 
(1976) in Great Britain has shown these events to be rare among patients 
with uncomplicated acute myocardial infarction or even to be induced 
inadvertently by treatment, particularly by the stress of being 
transported to coronary care units* The second is that anti-arrhythmic 
agents are now under widespread development and testing as oral 
medication and are likely to be routinely available within the next five 
years* Increasingly, the burden is falling on hospital coronary care 
units to demonstrate that they are significantly better than alternative 
forms of care for acute myocardial infarction* With that shift, the 
monitoring of such patients by telecommunications will become of 
increasing interest* 

Feasibility 

Both applications are technically feasible. The medical feasibility 
of hypertension management and the monitoring of uncomplicated acute 
myocardial infarction (AMI) is based on experience in Britain and 
elsewhere that did not have the advantages of the technological aids 
proposed here- The central issue is one of trade-off between the presumed 
level of medical safety provided by in-hospital AMI care and that which 
might be achieved at home. Based on available data, out^of-hospital care 
of uncomplicated myocardial infarction, as measured by randomized clinical 
trials involving several hundred patients, shows no statistically 
significant difference in outcomes (Mather £t al . , 1976). 
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Ba r r Igjr s to Imp le aent at^^n 

The significant economic, social, and psychological barriers have 
been generalized in the Phase I report of this Committee (National 
Research Council, i977b)i incentlveB for using telecommunications for 
aconomlc or energy conservation reasons are lacking in the prasent health 
care syetem* 

There are actually some disincentives, A visit saved by care at home 
generally means one less office fee. Nearly 75 percent of all office 
visits are made to physicians who are recompensed by third'-party payers 
only if a personal service is rendered (National Center for Health 
Statistics, 1975). Patient care by telephone, the use of non^physicians 
for patient care^ the added cost of equipment to permit follow-up and 
audit of non-physician care are not reimbursed by many third-party payers, 
including Medicare. Home visits (as for acute myocardial infarction) 
are financially inefficient for providers- The provider's time is more 
efficiently expended by asking the patient to come to the hospital 
emergency ward. The decision can now be rattonalized by the availability 
of more sophisticated equipment and better follow-up care for those 
patients who require it. The patient sees little financial advantage 
in eschewing such care. Even if the "save" rate were found to increase 
by only 1 or 2 percent despite the added expense, the patient effectively 
does not expend the money personally, so there is no economic incentive 
to turn down such care. With many insurance policies, it is to the 
patient's financial benefit to be admitted to the hospital because 
insurance will not pay for ambulatory care. 

With the exception of prepaid Health Maintenance OrganlEatlons, 
hospitals have no Incentive and many disincentives to make the capital 
investments to reduce hospital stays by such techniques. The average 
occupancy in hospitals across the country is around 75 percent* Why 
should hospitals reduce It further? There is no easy mechanism for 
getting trained personnel to use this equipment, no assurance that 
individual providers or even small groups of physicians can aggregate 
enough patients to use the equipment economically. 

The first step toward minimizing such barriers would be to enaure 
that providers do not lose any Income by providing more economical 
care. This implies a system in which the providers are reimbursed for 
providing telecommunications-mediated health care and for supervising 
and auditing non-physicians. In a demonstration application there should 
be little difficulty arranging this, provided there are concomitant 
arrangements to ensure the quality of the care delivered. One might wish 
to go further and allow the provider to share in the savings that may 
result. 

Another step would be to encourage institutions to support such 
innovations by allowing the capital investment to be made, and by securing 
reimbursement for out-of-hospital care. Hospitals are the most likely 
institutions to aggregate the numbers of patients required to make the 
use of the capital investment cost-effective. Since out-patient 
departments now account for about 25 percent of ambulatory visits, the 
task is not insuperable. With further restrictions on in-hospital costs, 
the hospitals may be eager to open new sources of revenue production* 
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The most likely providers to accept such innovation are organized 
provider groups* The hospital may cicd as a surrogate organization for 
the more conventional group practice or pre-paid health plan by providing 
managerial and aggregating abilitiaa to make the system economic^ 

Likely E Ktent of Utili zation 

If the health care system retnains substantially unchanged 
structurally, and if the increases in health care costs are contained by 
budget "caps" with no attempt made to rationalize the system^ then 
utilization will approach zerOi But if one assumes that the system will 
be rationalized in the oncoming debate on national health inaurance, 
then utilization will depend on whether the options are available for 
consideration. If medically safe^ CQst--ef f ective ways of delivering care 
at home can be demonstrated, a rational health care system will be forced 
to consider using them. 

The applications discussed have been based on a great deal uf 
experimental work to demonstrate the fundamental feasibility that makes 
them worth considering. In order to make optimal use of telecommunications 
in health care, a great deal of added experimental work is needed* 

The average American makes between 4 to 5 visits a year to a health 
care provlder^-ahout 1 billion outpatient visits per year. Home terminals 
and equipment might play a role In half of these visits , and perhaps deaJ. 
with half of these again without requiring the patient to visit the 
provider (both figures are conjectures). Based on experience with face- 
to^face care provided by non-physicians j this might result in saving one 
visit per year per capita or four visits per year in a household of four. 
The figure might be higher for the households that contain elderly people 
and very young children., both of whom have visit rates very much higher 
than the average, High-^risk patients-'^hypertensives * diabetics^ cardiacs 
-"-could make use ol such equipment for potentially higher-quality care 
at lower cost^ — a partially tested conjecture (Komaroff £t al , j 1976) • 

Economic Benefits an d Costs 

A small but significant part of the cost of an out-patient visit is 
the overhead of maintaining a medical records room. The computer used 
for interrogation and storage of Information about hypartenslon patients 
couid be used to displace some records room costs and some part of the 
billing costs through computer-generated bills (or their equivalents for 
management information in an insurance system). 

A mass-produced sphygmomanometer might be made very cheaply. For 
example J a strain gauge transducer could be used to measure blood pressure 
with calibration at the upper end through a pressure relief at 300 mm Hg. 
This could save the aneroid gauge* The addition of pulse'-counting 
circuits and power through the cathode-ray tube interface might also 
minimise instrumental costs. Even with an aneroid gauges such 
instruments are now being sold for $50, If one visit in four could be 
eliminated, the instrument should pay for itsQlf j even discounting for 
the capital investment, in two or three years* 
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Inatruments proposed for monltgring patients with acute 
uncomplicated myocardial infarction are substantiaily more expensive* 
but the hospital care eliininated by their use is also very expensive. 

An episode of uncomplicated myocardial infarction may cost $3,150 
in the hospital. Care in the home is an attractive alternative, Ar 
shown In Table the cost of one episode of uncomplicated myocardial 
infarction treated in the home is estimated to be $1,600, or one^half 
the hospital costs. While the projections for hospital costs in five 
yearB are expected to be signif icantly higher, the cost of electronic 
equipment for moiiitoring at home is expected to grow much less rapidly 
than hospital and personal service costs, 

TABLE A I HOSPITAL vs* HO^ffi CARE MEDICAL EXPENSES 
EKaraplei One episode of uncomplicated myocardial infarction 

HOSPITAL EXPENSES 
Assume I 

3 days of coronary care @ $250 per day • $ 750 

16 days of hospitalization @ $150 per day - _2j_400 

Total (not Including physician fees) $3il50 

HOME CARE EXPENSES 
Assume: 

3 home visits by nurse (1 initial vislt| 

2 follow-up visits) @ $50 per home visit $ 150 

46 computer interactions of 1 hour each 

(24 the first day; 6 for each of the next 2 days; 

2 per day for the next 5 days) @ $1,50 per hour , 

46 nurse interactions by telephone for 1/2 hour each 

interaction to supplement computer @ $12 per hour 

(including overhead ) »,,s,#t,«fi*it-#--»*» 276 



69 



Hospitalization for complications (average 1 in 10) 315 
Amortisation J rental. Installation^ removal and 
maintenance of monitoring equipment* * , • • 



790 



Total (not including physician fees) $1,600 



Re c omme nda t i on 

It is recommended that the Department of Health, Educatio n ^ an d 
Welfare encourage the study of these and other uncomplicated medical 
Bituations in which patients can be tes ted at home by a combinatlor^J^ 
paramedical perso nnel and teleco^unlcations in the Interest of reducina 
medical care costs . 



*Capital Investment $23,700 using a 20 percent utilization rate to avoid 
queues when several patients simultaneously have myocardial Infarctions. 
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Section 5 Emargency Services 



Confronted with a sudden or unexpected situation that threatens life 
or propartyi the average citizen's imTnedlate reaction is to seek the 
assistance of fires pollcei or emergency medical services. For the 
responding agency to provide prompt assistance, the dispatcher must 
receive information about the location and extent of the emergencyj plug 
supplementary Information that may aid in the dispatch of appropriate 
peraonnel and equipments Virtually every home in the United States has 
telephone service^ and the overwheltning majority of citizens now rely on 
the telephone to gain access to emergency services* In 1968 ^ a three-- 
digit telephone number j 911 , was set aside for emergency use nationwide. 

Most 911 systems cunnact the caller dialing the digits 911 to an 
emergency answering center* The caller gives the emergency message to 
the public safety dispatcher, who then Initiates the response or relays 
it to the appropriate response agency* Because telephone exchange 
boundaries and the boundaries of police, fire, and ambulance 
Jurisdictions are usually not identical, planning for 911 services is 
often difficult. In metropolitan areas, these overlaps can be so cotnpl^K 
that a central dispatching point is often established to receive calls 
from all exchanges and relay them to the appropriate responding agencies* 
This relay function can be manual or automatic* Additional automation 
can provide the emergency answering center with the caller's telephone 
number and location to speed the emergency response, but providing these 
capabilities is expensive and might pose a threat to privacy (Hoveyi 



After ten years' experience with 911, only about 25 percent of the 
population of the United StateL- is served by about 750 systems* At this 
rate, it may be 1990 before most of the country will be covered by 911 
service* By contrast, a similar service is available nationwide today 
in some Western European countries i notably Sweden, Belgium^ and the 
United Kingdom. The Comm ittee recommends that nationwide Implementation 
of 9^1 aeryice be encouraged * 

About 80 percent of emergency calls are for the police (National 
Academy of Engineering, 1971)* For this reason, most answering points 
are manned by law rinf orcement personnel and are usually located at or 
near a major police or sheriff -s facility* Fire calls are usually 
relayed to a fire service dispatcher immediately* although this procedure 
may result in some delay. Direct access to the fire dtpartments without 
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an intertnediate answering pointi might assume llfe-aavlng importance 
under cGrtnin circunistancas t Howevei^* from a practical point of vieWi 
locating the 911 answering point at fire headquarters would require 
the transfer of four out of five calls to the police* Integrating the 
communications and management of the two departments (as well as emergency 
medical teams) is an alternative, although it is sometimes considered 
unworkable by the peopLu directly involved* In any case, 911 service 
provides a more rapid response to a fire call than is achieved if the 
caller must look up, then dial, a 7-digit number (Illinois Commerce 
Commission, 1976) . 

Alternatively, Sinsors that detect fire, or unexpected entry, can 
be installed in the home to provide an audible local alarm or to alert 
firej police, or private security services over the telephone network, 
CATv'cable, or private coimeetions (usually leased from the telephone 
company). Sensors connected to the telephone network use an automatic 
dialer and recorded location information (taped message or data) to 
inform the responding service of the location and nature of the emergency* 
Understandably, the reliability of some automatic systems (particularly 
fire alarm systems) ii in question because the lack of discrimination 
in the sensors may lead to false alarms (smoke from burned toast may 
trigger the system)* Thus, the first response by a security service to 
an automatic alarm may be to telephone the subscriber to determine 
whether an emergency exiatB. For sensors that use CATV cable, or 
private connections , information about the location and nature of t^e 
emergency are intrinsic to the connection and the equipment. Use of 
facilities of this sort in the home is not widespread because of the 
initial cost of the station equipment and the continuing cost of privatft 
communications channels, 

A microprocessor used as an information storage and retrieval device 
in the home could incorporate specific emergency features for requesting 
help by dialing the appropriate emergency center upon activation of an 
automatic alarm, or when the request for help was dialed manually, for 
providing location information automatically to the emergency answering 
center • Subscriberg could then choose to have as much, or as little ^ 
emergency communication as they wish. 

Elderly people living alone fear a disabling accident that would 
prevent calling for help. Various social means are employed to combat 
their fear, including daily home visits or telephone calls by neighbors 
and friends. But between visits and calls there may remain long 
unmonitored periods. An urgent requirement, then, is some means of 
signalling for help in the event of a disabling accident, A possible 
solution might be a wireless device with a slow-acting switch activated 
when the wearer is horlEontal, that causes a telephone to dial an 
emergency number* Devices of this kind are discussed in Chapter V* 

Feasibility 

As 911 systems are now available to a quarter of the population 
of the United States, the feasibility of providing such service is well 
established. 
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Barrieyg to Impl ementat ion 



Until crimes or natural disasters actually occur, people may not be 
too concerned about their ability to summon assistance, nor about the 
ability of local emergency services to respond. This natural apathy, 
coupled with the fact that the operation of a 911 system requires the 
expenditure of local taxes, results in little overt public support for 
implementation of a universal emergency service, 

A 911 service, per se, cannot distinguish between fire, police, and 
ambulance calls. Fire calls may be delayed up to 30 seconds or more by 
the need for the dispatcher to relay the information to the fire service 
(Illinois Commerce Commission, 1976), The alternatives are to route all 
calls through Che fire station first (not a very sensible solution when 
four out of five calls require police assistance), or to dispatch all 
emergency vehiclea from the same answering point* 

Automated systems that supply the dispatching officer with the 
calling number (ANI, automatic number identification) and calling 
location (ALI, automatic location information) have the potential for 
abuse- Specifically, the information supplied could Include an unlisted 
number, whose use by unauthorised persons could be an invasion of privacy- 
Should this be of sufficient concern, the caller has the option to dial 
the 7-digit numbers for emergency services, thereby protecting his number. 
An automated system with ANI and ALI will contain a file that includes 
the addresses associated with unlisted telephone numbers, and these might 
be obtained by unscrupulous persons. Nevertheless, this information la 
already available in telephone company computers. 

Likely Extent of Utilizatio n 

* If 911 were available nationwide, we believe the public would rely 
on it almost exclusively to summon emergency services. 

jene f 1 1 s a nd Costs 

The use of a universal number to summon emergency services means 
faster emergency assistance, because the number 911 is easy for a citizen 
in trouble to rememberj and because the Individual emergency services 
are better coordinated* FurthermLjre, the use of the same emergency number 
nationwide would help visitors and travellers get help quickly* Emergency 
service operating costs are not significantly greater than those Incurred 
without 911 (Illinois Commerce Commission, 1976)* 

Recominandation 

It 1 s r e c omme nd j d^ tha t s t ate leg i sla ture a be encouraged to enact 
legislation e stablishing statewide un ivers al e mergen c y calling service * 
Several states, including New York and California, have already done 
this • 




Section 6 Household Managennent Services 



There is no doubt that energy conservation will assunae greater importance 
in the future. Telecommunications cati be uaed to help people manage 
appliances and environmental controls in the home. For eKamplej during 
periods of high demand (anticipated or unanticipated), the energy supplier 
could transmit a signal that would activate a warniTig light in the home 
(and perhaps increase the rate being charged). Upon receipt of this 
alert , the consumer could turn off high^use appliances or elect to pay 
substantially more for the privilege of continuing to use them. If away, 
the consumer may wish to call home and regulate such Tnajor appliances as 
air conditioning, central heating, dryer, or hot water unit. This 
subject is explored in more detail in Chapter VI. 

Other services could have more personal significance—a customized 
accounting and family data base, for instance. Financial information 
could be stored and used for computing income taxes, medical histories 
(vaccinations, medication, etc.) could be preserved conveniently, and 
other important information could be held for future use. While these 
are not public services, they employ some of the saine technology and 
connections as public services, and could provide a broader base over 
which to spread the cost* 

Feasibility 

Utility companies, searching for ways to control consumer load, have 
used radio to turn off water heaters CHaatlngs, 1975), and have 
demonstrated that the power network Itgelf can be used for communications. 
Several companies offer home computers that make it possible for consumera 
to dial special telephone numbers to switch equipment on and off (Hawkins, 
1977). There can be no doubt that the services described here will be 
technically feasible in the early 1980* s. 

Barrierg to Implementation 

Much of what has been discussed Is discretionary; there are no 
obvious barriers to implementation* 
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Likely Extent o f Utilization 

With two^thirdo ot all homes likely to be empty during the working 
days remota control of appliances could be a widespread supplement to 
timing devices- Customized accounting and record keeping, however, are 
likely to be confined to a small percentage of relatively affluent homes* 

Benefits and Costa 

ks a supplement to timing devices, remote control of appliances 
could be very useful In the conservation of fuel or electricity during 
the day. The cost of the necessary equipment might be a few hundred 
do liars s depending on the number and type of controls desired. 




Section 7 The Home as a Communications and Information Center 



Todayi almost every home in the United States is supplied with 
electricity and equipped with a telephone, radio, and television receiver. 
Information is received and transmitted by wire and over the air* These 
instruments make it possible for the occupant to talk to almost anyone 
In the world j hear and often see a variety of musici news, sports events i 
movies, discussions, and other forms of public affairs, education, and 
entertainment of their choice* A relatively small number of homes have 
security alarms attached to coaxial cable (2-way CATV) or special 
telephone lines, and an even smaller number have some level of interactive 
cable television.* 

Recently^ special^purpose , computer-like attachinents have become 
available that extend the capability of a television receiver for playing 
games. Video games are now a very active segment of the consumer 
electronics market. General-purpose mlcroprocessor^based computers have 
appeared for the home hobbyist. Costing less than $1000, current models 
have a computing capability greater than ENIAC (the first electronic 
computer, completed in 1946) and can be programmed In BABIC (a high-level 
programming language)* Rapid market growth and decreasing costs will 
continue in these terminal technologies. Printers and facsimile devices 
will become particularly important in the development of home 
coimnunications; so too will a full alpha-^numeric keyboard. Today ^s 
commercial versions will be superseded by less expensive, more convenient 
models for home use- 

In addition, new transtnission media may be introduced* Optical 
fibers are attractive because they are Interf erence--f ree* can be Installed 
in a small space, will not cause fires, and have a large comfflunications 
capacity. The cost of optical fiber cable as well as asiociated 
electronics is declining, but whether it will be economically competitive 
for short^dlstance applications is still uncertain, 

*In Reading, Pa. , for instance, elderly subscribers to Berks Community 
Television use a telephone to respond to one-way cable programs from 
neighborhood centers which are thamselves interconnected by two-way cable. 
In Columbus, Ohio, subscribers to Warner Television have a narrowband 
return channel over the cable. Similar systems exist in Spartansburg, 
S.C. , Woodlands^ Texas, and Arlington, Texas. 
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It Is alio posalble that geostationary broadcasting satellites ;^ill 
provide direct transmission to the home- Reception may ba feasible 
with a dish antenna one meter or even smaller in diameter. 

The proviBiDn of emergency i health, education , and inforraatlon 
iervicei described here requires "smart" terminals and communications 
devices* The demand for any particular service will probably vary by 
age^group and location* To achieve economies of scale, it is essential 
that a flexible, multi-^purpose distribution system be employed so that 
the cost of service can be spread over a number of applicationSi This 
auggeats an Integrated conmiunications and information system* As 
illustrated in Figure 1, one or more mlcroprocesaors operating four 
subsystems could provide a combinacion of public and private services. 
Some of the functions likely to be performed in the homes of the 1980 *s 
by each subsystem are* 

m ENERGY MANAGE^ffiNT, SECURITY, AND ENVIRONtDENTAL CONTROL SUBSYSTEM 

Adjust electrical consumption by time-of^day, rate structure, 

or remote command 
Read meters 

Activate intrusion, fire, and hazard alarms 

Adjust temperature and humidity 

Control lighting 

Minimize resource consumption 

• EDUCATION, INFORMATION, AND ENTERTAINMENT SUBSYSTEM 

Receive educational and entertainment TV 

Support interactive education 

Receive, display, and print information 

Support interactive information services 

Record education and entertainment for later replay 

Send, receive, and print personal messages 

Support video games and other activities 

• ACCOUNTING AND RECORD KEEPING SUBSYSTEM 

Maintain family accounts 

Pay bills by eiectronic funds transfer 

Compute taxes 

Maintain family records 

Store addresses, recipes , telephone numbers j etc* 

m COI^llJNICATlONS SUBSYSTEM 

Interface with transmission media 
Distribute signals appropriately 
Provide automatic emergency calling 
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FIGURE li HOME INTEGRATED COMMUNICATIONS AND INFORMATION SYSTEM 
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ACCESS TO PUBLIC ^SERVICES FROM THE mm 



With a complex of terminal equipment, supported by appropriate 
information sources and transmission media s virtually any home in the 
1980 'a could have access to the full range of public services deacribed 
in Sections 2 through 6, receive commercial entertainment and informations 
manage household energy consumption, and perform many other functions. 
The components of home coramunications systems are already developed or 
in development J and will become available in the 1980' s. 

Even so, we do not expect such a fully i nte grated hom e con munlcations 
and information cente^r to be installed in Merican homes of the 1980' s * 

Why not? 

First I change in man-made systems does not occur suddenly, nor In 
a top-down fashion* Change occurs continuously in relatively small 
Increments from the bottomj building on what already exists, A unique, 
single design for a home communications--inf ormation system is therefore 
unlikely* Instead, extended versions of current equipment will be 
introduced continually until many of the functions we have described are 
implemented on an evolutionary basis. The process of change will then 
proceed further, with the implementation of even more functions, 
reflecting the ingenuity of users to see opportunities that equipment 
designers had not anticipated* 

Second, innovative commercial development is not the prerogative of 
any single organization* Many corporations manufacture equipfflent or 
provide services that could support the functions of a communications'^ 
information center. Each manufacturer can be expected to initiate 
developments that appear in its best interest* 

Figure 2 shows a few of the directions in which development can be 
expected to proceed. Besides their intended functions, "smart" devices 
could be made to provide the following functions for an integrated home 
communlcations^lnf ormatlon center i 



m "SMART" RADIO 

Receive and record information 

Print bulletins, schedules, news, etc. 

Receive load-^sheddlng commands 



"SMART" TELEVISION 

Receive and record information 

Print bulletins, schedules ^ news, etc. 

Receive load-shedding commands 

Support video games 

Display local messages 

"SMART" POWER LINE 

Receive load-shedding commands 

"SMART" CATV 

Receive information for display on TV 
Support interactive information retrieval 
Support interactive education 
Provide emergency alarms 
Execute load-shedding comands 
Support video games 

Transmit, receive, and print local messages 
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• HOME TERMINAL 

Household management 

Coordinate reception and transmission 
Store, print, and display information 

A prerequisite for many of these functions is the adoption of the 
Viewdata and Ceefax type of information distribution systeme. 

Feasibility 

Feasibility is often judged by the availability of necessary technology. 
The availability of technology that promises increased efficiency- 
measured in terms of saving time and monay^would normally be adequate 
justification for a commercial product or service. But we are not 
dealing in a closed business environment. Entering the home expands the 
set of values that need to be considered* Business judgments are made 
on the basis of increased benefits (savings of time and money) to the 
providers of services. Yet if products or services are to be used 
willingly, they must also be perceived as beneficial to users. What does 
it benefit the users to save times if it weighs on their hands ^ or to save 
moneys if the service is paid for by local government or medical insurance 

While we do not pretend to know all the values that lead to public 
acceptances we do know that products and services that reinforce a sense 
of community 5 enhance self-respect , and raise mutual esteem are likely to 
be successful (Burns ^ 1978). None of these is necessarily created by the 
cost"-eff active application of technology. 

The availability of technology is but one requirement for a 
communications system that people will accept and welcome into their homes 
It must be perceived as improving the human condition and preserving the 
social context. Because human needs are never fully articulated and 
change with time, a rigid communications structure should not be erected. 
A framework that encourages independent flights of fancy may result in 
applications and benefits that are not anticipated- What is more, human 
values always need to be uppermost in the development of such a system. 

Barrier s to Implementation 

In discussing individual services, we have noted many barriers to 
implementation. Who can tell what the response might be when people are 
faced with a new communications medium? Operating new telecommunications 
equipment might be many times more complicated than using a telephone or 
television receiver, and understanding the services might require 
substantial educacion. Unfortunately, as we noted earlier ^ a significant 
fraction of the metropolitan population suffers from illiteracy and 
learning deficits. Others are victims of anomics the state of emotional 
depression and feeling of meaninglessness that may increase as mass- 
produced machines take over many previously individualized decisions and 
actions. It is an open question whether residents of the metropolitan 
areas (or residents anywhere, for that matter) want such complex devices s 
even though they provide virtually Instantaneous access to public services* 
Is there sufficient motivation to master their operation? Will it be 
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more convenient, and perhaps more socially rewarding, to continue to seek 
out face-to-face assistance at government offices, say, or hospitals and 
schools? These questions cannot be answered by abstract study^ they must 
be approached through trials and demonstrations of the new technology. 

"Achievement of the home communications-information center that has 
been described here will require cooperation among many units of local, 
state, and federal government^ and the resolution of sticky administrative 
problems. The Gooperation of many industrial groups will be needed to 
set standards and define points of commonality. Without such cooperation 
and agreement, orderly development will be impossible since there is no 
obvious market leader. 

What is more, the organization of a basic data base containing 
information about essential services available to the citizen could be 
a long and difficult task. Expanding the data base to include data from 
schools, colleges, hospitals, and other institutions would greatly 
increase its complexity and cost. The alternative Co a central data 
base is to have many different data bases, provided they use compatible 
formats and a common language. 

To make the venture successful, each institution must share its 
knowledge willingly and be prepared to discover that its present way of 
. ^^^r^BfoT- BSBilv to the electronic media, inere 

will be problems of a proprietary nature. Who will own the data placed 
m a data base by several agencies and institutions? Who will have a 
right to access? Only the citizeni Or could each agency and institution 
have access to all the information in the data base? Is invasion of 
privacy a real issue here? Who has legal responsibility when the 
information provided is wrong-=or when information is wrongly given? 
Could this lead to a proliferation of lawsuits? And what would be the 
attitude of lawyers and doctors or other professionals to a data base 
that lists their qualifications and fee information? 

Throughout this chapter we have discussed the technological 
opportunities for adding information to broadcast signals, using 
electronic systems to substitute for some of the functions of daily 
newspapers and the mails, and increasing the reliance on cable systems 
for some community services, but we have not confronted the Issues 
raised by the fact that both regulated and non-regulated facilities are 
involved. The Committee has not examined how such considerations will 
affect existing services, but the impact is likely to be great. The 
thorniest problems of all may well be those associated with regulation. 

Likely Extent of Utilization 

Eventually, every home in the country could have some form of 
communications-information system providing access to public services. 
Within metropolitan communities the potential exists for organizing 
services among government, academic and medical Institutions, and 
citizens. Elderly citizens in particular might obtain great advantages 
from such systems. According to our projections, people aged 65 or older 
will occupy 15 percent of all households in the mid-1980' s. A similar 
proportion of households may contain non-employed mothers with dependent 
children. Both groups could take advantage of many of the services 
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offered, particularly health and education services* Universal 
utilisation could follow, and iome forms of communications^lnf ormatlon 
systems could become as pervasive as the television receiver and 
telephone set are today* Whatever is achieved in providing public 
services In urban homes can be applied to homes in rural areas as well, 

^ejie f It S and Co g t a 

The availability of a home conununications^inf ormation system, 
providing some or all of the servlcea that have been described, could 
substantially affect metropolitan life. There are promising 
opportunities to expand, enrich, and simplify life through the new 
telecommunications, and to replace tasks that are boring, routine, and 
time-consuming. Life could become safer, more productive and more fun. 
It could be healthier and better organized. Travel ^iould be reduced 
and energy conserved- While it is unrealistic to believe that all this 
can be calculated in dollars and cents, some benefits can be meaeured- 
By providing specialized medical monitoring, hospital stays can be 
shortened and hospital costs may be lessened* By providing faster 
response to emergency calls, fires may be prevented or contained, 
criminals may ba apprehended^ and lives and dollars may be saved. 

By providing ready access to information and aisistance of all 
kinds, the home communicatlons^inf ormation system could Improve the 
quality of life for a majority of citlEens; but it could just as easily 
become a force leading to the break'^up of society. Will so versatile a 
device cause citizens to isolate themselves behind a wall of electronics, 
reducing yet further their opportunities to develop those human contacts 
that are so essential to a balanced eKistence? For many people, a 
visit to the doctor, the welfare office or the library has a social and 
psychological significance that far exceeds the satisfactory resolution 
of the specific situation that prompted the visit. And what use will be 
made of the time saved? Will it be used to take advantage of the new 
educational opportunities offered, or will it lead to further frustration 
and loneliness? Only time, and well-^designed pilot projects can provide 
some answers. 



Section 8 Recommendations 



No laboratory exists for testing the virtues and defects, the benefits 
and the costs, the social effects and the economic consequences of the 
technological revolution in coimnunlcationB and information that promises 
to alter the way Mer leans live, learn, work, and play. A pilot program 
is therefore needed to demonstrate the delivery of such important 
community services as health care, education, police and fire protection, 
and information, along with such private services as household management 
and entertainment, to homes equipped with several forms of cominunieatlons^ 
information systems* Such a detnonBtration ihould call on the combined 
resources of cotmunlcations and electronics companies, academic 
Institutions, and local, state, and federal governments* 

The test sites, number of participants, specific services, and 
duration of the demonstrations should be selected to allow firm 
conclusions to be drawn about the demand for advanced telecommunications 
services. This will require careful planning, organizing, and financing. 
Such an elaborate and complex program will require a coordinated national 
effort Involving many parts of gover™ent (both legislative and executive), 
private Industry, institutions, and the people, possibly under the 
leadership of a specific federal agency. The organliatton that manages 
this program must be able to deal with regulatory, social, and economic 
issues, while accomplishing the objectives of providing new and different 
services to a diverse urban population, A multi-year program is proposed 
as follows i 

DEFINITION PHASE (approximately 12 months) i An objective study would be 
undertaken to assess the technical tradeoffs and draw up a detailed design. 
Of equal importance, the social context and polnt-of-view of potential 
users -must be examined in datailp Accordingly, specific attention should 
be given to i 

Existing Work i A thorough review should be made of all 
previous and ongoing demonstration projects to determine the 
strengths and weaknesses, and to ensure that the demonstration 
takes advantage of all available experience both here and 
abroad. It will be important to learn whether any specific 
failure was due to a lack of need, to poor concept and design, 
to inadequate Implementation, or to Inept management. 
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Site Sele ction i A major urban center should be selected for 
the demonstration* The basis for selecting the metropolitan 
area should include the availability of institutions and 
specialised users to support special services and interests 
of cltiaeng, A roaKlmum of citizen participation is necessary « 
It is mandatory that the needs of the elderly, handicapped, 
unemployed J and poor be considered. Many of the applications 
already described are aimed at different audiences* The 
elderly are likely to benefit most from a medical care 
subsystem, while preschool education will appeal to different 
households. Thus, the choice of site Involves competing 
requirements. The period of the experiment is related in part 
to the site and scale of the demonstration program. Many 
health and educational effects are measurable only over long 
tlnie Intervals. To some extent, time may be traded against 
numbers of participants. 

Human Factors i It is most important that the demonstration 
be acceptable to the test community i it must be designed and 
Implemented with the needs, objectives , and aspirations of 
the citizens in mind* Citizen groups should be encouraged 

t^k^^^ i^^^T.**^ ^^^^f^ s^^^^l^ — «J 

of the elderly, the handicapped ^ the unemployed, and the 
disadvantaged of all sorts should be considered- An 
understanding and concern for the goals of users is essential. 
This phase should include a planned measurement of social 
effects I complemented by sensitive observation- 

Servlces Offered: A list of services would be prepared to 
include both public*- and prlvate^sector activities. Selection 
would be made on the basis of site and citizen preferences, 

Sygtgro Designs The demonstration system must include power 
lines ^ radlOi television, cable TV, and telephone facilities, 
augmented by computer capability, inquiry terminals, and 
teletext processing centers. The system ought to serve 
several thousand subscribers, arranged in clusters of 
specialised users, as well as a distributed set of general 
users i It should be designed to furnish a combination of 
public and private services, 

Legaj. Constraints i An early determination must be made of 
possible legal and regulatory constraints , and steps to be 
taken to overcome them (during the demonstration period). 

Financing i The demonstration could be operated by a quasi- 
public corporation with equity provided by government and 
Industry , 

Criteria i The criteria to measure success must be firmly 
established before demonstrations begin. Provision should 
be made for independent observers to seek out the unexpected 
consequences of the technology. 
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PROCUREMENT PHASE (18 months) i All necessary signal generation, 
distribution, interface, and reception aquipment would be procured 
and Installed to provide a combination of integrated 
comiunicatloni services to participating citizens and Institutions in 
the urban site. The procurement phase may overlap the definition and 
demonstration phases. This phase should include pre»trial social 
measurement and observations, as well as preparations for measurements 
during the trial, 

DEMONSTRATION PHASE (3 years) s A communlcations^inf ormation system, 
providing a combination of emergency, medical, education, information, 
household management, and other community services, would be operated. 
The demonstrations should ensure that the maximum amount of useful 
information is obtained. Depending on the results of the definition 
phase and the list of services selected, demonstrations could proceed 
in stages, such as* 

m Delivery of several single-thread services to specialized 
clusters of uiers, mostly in local centers* 

8 Partial integration of singles-thread services and their 
extension Lo uomss | 

• Addition of commercial services, and 

• Operation of an integrated system to both local centers 
and homes. 

The proposed 3^year duration should be substantiated by the study in 
the definition phase, 

REPORT PHASE (6 months): An analysis would be made of operating data 
to arrive at the best estimates of demand, costs, and long'-term 
acceptance and effectiveness. 
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CHAPTER IV 

Telecommunications for IVIobile Public Services 



Section 1 Introduction 



Radio systerns are used widely In the delivery of mobile public eervices* 
In recent years, greater use of radio has been hampered by iniufficient 
frequencies to meet the demand for such coronunicatlonSi The Federal 
Communications Commission has recently allocated a new frequency band 
in the 800-^900 megahertz (MHz) region, and new technologiea are being 
developed that promise more efficient use of the radio frequency 
spectrum* As a result, there is likely to be even greater use of mobile 
communications by public service agencies* 

This chapter examines the system requirements for public services, 
the emerging alternative architectures for mobile systems, and some of 
the useful features such systems might provide* We have considered 
communications systems that aid in the delivery of a public service j ae 
in the case of dispatching, and communications systems that are 
themselves the service, as in mobile telephone. The presentation is 
aimed primarily at the administrator^ not the technical speciallst- 

The radio frequency spectrum is used mtm efficiently when radio 
channels are assigned to users only for the duration of a call than when 
they are dedicated to users without regard to the degree of utilization. 
Systems that provide user access on demand to any free channel of a group 
of channels are called ''trunked" systems. In this way, use is made of 
the spectrum with significantly greater efficiency than in non""trunked 
systems, because the possibility is reduced that a channel will remain 
Idle while some user has a need to communicate* 

Still greater spectral efficiency is offered by systems that combine 
trunking with repeated reuse of the same frequencies in non==adjacent 
coverage areas or cells* When the cells are small, say 1 mile in radius, 
capacity of a given number of frequencies is typically increased by a 
factor of 10 or so for a realistic distribution of traffic** Such 
"cellular" systems require a greater investment in fixed base station 
equipment and are best suited to metropolitan areas having high user 
densities > 

Spread spectrum and packet radio techniques offer alternatives to 
discrete frequency channels* Such techniques remove the fixed ratio of 

*In a theoretical situation In which high traffic is offered uniformly 
throughout the service area, the factor of increase can be on the order 
of 100. 
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capacity to bandwidth at the cost of an Increass in interfirence leveli 
as the number of ilmultaneous users increases. However, the techniques 
are untried for commercial applications In a concentrated urban 
environment. 

Tima-dlvlaion multiplex systems with a large radius of coverage 
have been propQaed. Such iystems can provide the equivalent of trunklngs 
but because of their large'-area coverage they do not permit the frequency 
reuse opportunity of a small cell, m^t is more, they are digital 
systemB that have yet to be tried in urban environments* 

Mobile communications systems using a satellite relay greatly extend 
the area of coverage to regions the si^e of states or larger* Trunklng 
can be used, but the advantage of frequency reuse is lost throughout the 
extensive coverage of the satellite antenna beam. For the 1980 's at least, 
it does not appear feasible to consider beam sizes of several miles In 
diameter, the cell size anticipated for purely terrestrial systems. 

In addition to the growing demand for standard services , 
requirements exist for tailoring communications along organizational or 
command lines In such applications as police and fire operatlDns , and f or 
providing such new services as autornatic vehicle location and monitoring 
electrocardiograTn and data transmiesiona, andj when security is a m 
necessity s the transmission of secure voice messages. 

Automatic vehicle location systeins, developing as an adjunct to 
mobile communications systems, hold promise for more efflcleat control 
and utilization of mobile units* Ideally , such syatenis should be sparing 
in the demandi for additional bandwidth to be used for the location 
function alone. 

Transmission security for voice is receiving Increased emphasis, 
particularly among law enforcement agencies. Techniques are available 
for providing a useful level of privacy /security in either analog or 
digital communications. 

Paging services provide a means of delivering a one-^way signal code 
or a voice signal or both to a person on the move. A paging receiver 
reacts only to a uniquely coded signal from the base station. Response 
is usucilly by land=line telephone. 

With the exception of paging systems, the systems and techniques 
described here are discussed in greater detail In subsequent sections of 
this report. 



Section 2 Summary 



Mobile Radio Systems 

The decade of the 1980 'a will see the introduction of the high-capacity 
cellular system to allow an order-of-^magnltude increase in subscribers 
using the mobile talaphone service (MTS)^"-from roughly lOOjOOO to more 
than l,O0OjO0O* This will be a start toward integrating a significant 
part of the nation's motor vehicles into the national telephone network^ 
achieving the same quality of transoiision and ftrade of service as for 
the fixed network. This will facilitate mobile communleations not only 
within cities but on a national and even international basis* 
Differences in user requiremants result in three mobile 
communicationg conf igurationsi each used where It is best suited. ThuSi 
we eKpagt_that cq^nventio^ systemg^l41^still be needed for 

some publlx service and cogmerclal opera tlonsj trunked systems will 
proyide spectrum efficiency for larger users ^ and the cellular system 
will be best suited for the high^density u rban mobile telep hone system. 
It may be desirable for many urban iervices to have the ability to 
switch between, say, dispatch and cellular ^ and^jg^on^ eguipment 
should permit such fleKibility * 

Several new techniques ^ radically different from the present system in 
which each channel is assigned a separata frequency band and transmission 
is by frequency modulation (FH) j have recently been considerad for mobile 
communicatidns * The new methods differ in type of modulation and in 
system configuration* They include a time-division multiplex system, use 
of spread spectrum modulation In place of FM in a cellular configuration, 
and application of the packet concept to a mobile radio system* 

The first two techniques have been considered only from a theoretical 
viewpoint, and axperts differ about the appropriate asstnnptlons. If the 
theoretical differences can be reconciled and the findings are positive, 
field tests should be conducted to confirm the theoretical assumptions 
and uncover any operational problems that might have been overlooked or 
undarestlmatedi Conitructlon of field=tast equipment should provide a 
more realistic estimate of production costs. The final decision on the 
new systems will depend on their relative efficiency of frequency use, 
operational comparisons, and cost^ matters best determined by field tests* 



43 



44 TELECOMMUNICATIONS FOR MOBILE PUBLIC SERVICES 

The packet system— a data system designed for military use~is in 
an early test phaea. Application of the packet technique to a commercial 
urban voice system would require a different set of system parameters, 
and its relative advantages and diiadvantages are not yat clear, 

Based on out knowledge of such sys tems, and conslderinR the progress 
needed be twtan initial concept and J ar^a-scale QPeratlonal use of 
equipment , the Committee conclu des that the Unit e d States should proceed 
with the c^ular system using ^conv entional FM for_the mobile telephone 
serv ice, and continue to study Tand possibly tes^r other sy^t^ms . 

Satellite-to-mobile transmission has been 'tested with several NASA 
satellites, and its transmission performance in open country can be 
calculated with a high degree of confidence. Transmission into the urban 
area from elevation angles of, say, 10 to 40 degrees is not well known, 
but rough estimates of performance and equipment costs show no advantage 
to such a aystera for urban use. Howrver, such a system would offer the 
capability of communicating with a conventional mobile radio anywhere in 
the country at locations not readily accessible by present mobile systems. 

An important regul atory problem^ arises with the use of satellites 
for mobile communications r how t o obtain freq uencies for such use that 
are part of , or ad jacent to. present mobile bands to permit the eventual 
use of conventional terrestrial equlpme for communications by satellite. 

Voice Privacy 

The increasing use of rnobile radio will bring with it Tn increased 
demand for privacy of voice comniunlcations , We believe this can best be 
achieved with a digital method. Refiulatory a ction may be n_eeded to all ow 
such methods. Production of pri vacy equipment in the United States wil l 
raise th TTossibllity of expQrtr~The Department of Commerce and 
Department "of Defense need to c onsider the qu estion of permis^io n^to 
export such equipment . 

Automatic Vehicle Location (AVL) 

Experiments on AVL have been conducted for a number □£ years, but 
there appear to be no clearcut technical or economic advantages for any 
single technique t The econotnlc benefits obtained are not yet sufficient 
for prospective users to choose an operational system. The Committee 
concludes that efforts sponsored by the Department of Transportation 
should continue and that results should receive close attention. 
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The devalopraent of mobile radio services has long been stimulated by 
applications in the publlc-'Servlce sector, particularly for police and 
transportation systems* In the future^ automatic vehicle location^ 
alarm^ and monitoring systems will be added to the mpblle radio syatemi 
now in widespread use* This section discusses some fundmnental Issues 
that should be. considered in developing mobile radio systems, and 
outlines requirements from the perspectives of the users > the operations 
supported, and the equipment used* Subsequent sections eKAnilne some of 
the major alternatives that merit consideration for the 1980'Si ^ 

Before investing in any new capability , a public service 
organiiiation must decide whether the benefits to be derived Justify the 
costs. Benefits such as time that might be saved or more positive 
control that might be achieved may be difficult to quantify; nevertheleaSi 
they should enter into any judgment of the system's effectiveness* In 
addition to cost, the options available for upgrading mobile radio 
systems are constrained by available frequency spectriMj and the need 
for different systems to be capable of operating together* 

Three factorS'^'^cosf effectiveness , spectral efficiency, and systM 
considerationS'^"=^af f act one another* For eKraple, the effectiveness of 
mobile radio systems declines when congestion increases, most likely 
in metropolitan areas, yet measures to improve spectral efficiency have 
their own costs and might prevent interconnection between an existing 
system and an improved one* Decisions to acquire mobile radio equipmant 
will be based on the cost^ef f ectlveness of a specific system , while 
the system* s spectral efficiency or inefficiency will be of greater 
iM'eoncern to regulatory agencies and systems planners than to its 

purchasers. In the interest of spectral efficiency, a system may be 
required to have features that make it compatible with other systems 
sharing the same part of the radio frequency spectrim* 

User Requirements 

The variations in user requirements that influence the design of a 
mobile radio system include i 
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Mode of operation —mobile-to-mobile, dispatcher'-to-single mobile 

dispatcher-^to^many mobiles, or 
mobile^Co--telephone system. 

Voice quality ^-ranging from intelligible to trained listener, 

through recpgnition of speaker, to telephone 
(toll) quality (for examples, see Lane, 1973), 

Area of coverage — ^from local through regional to nationwide. 

Type of communication—from short emergency transmissions to one or to 

many mobiles , to long and routine transmissions* 

Network discipline — ^varies from no discipline (e*g« Citizens' Band) 

to complete control by a central processor. 

Type of access ----single shtired channel; dedicated channel (per cal 

or full-period); multichannel trunkedl trunked 
plus priority channel to provide speed of aecess 
and restrict blockingt (A channel may be a 
discrete frequency assigned to the call or to the 
u^ei J ui iu may be a f requeucy Lime pattern that 
rapidly changes the radio frequency in use many 
times during a single call,) 

Information forms —analog voices digital voice, paging alerts or 

alarms, vehicle location^ monitoring or status 
reporting and other types of digital data* 

Privacy or security ^--the range of privacy extends from shielding the 

transmission from the casual listener to absolute 
security j depending on the compleKlty chosen* 

Operation al Requlremejvts ^ 

Police and fire services have been plagued by inadequate channel 
capacity. These users will want guaranteed channel availability in any 
new system* To circumvent possible blocking within a trunked systetn, 
dispatchers sometimes hold a channel in the "off-^hook" condition even 
when it Is not in use* thus defeating the trunking advantage* If one 
channel is always kept available for the use of police and fire services 
it can be used when required, and this may avoid unnecessary standby 
holding of the channel. In either a trunked or cellular system, 
reservation of a police or fire channel may be done by the control 
processor, 

A conmunication channel suited for small operations tends to become 
overloaded during major catastrophes, such as fires* riots, floods » and 
earthquakes* In any new system, a communications hierarchy should 
be established to limit the number of units that report to one officer 
over one channel. As each additional unit comes on^-scene, it should 
have its own communication channels for reporting. All the units would 
have to be coordinated by the commander at the scene. 
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To avoid service disruption by sabotage, emergency control of all 
public safety services should be possible without reliance on centralized 
facllitiei * 

Both Vehicular and personal portable radios are required for fire 
departments. While trucks of ialected fire companies are en route, for 
example J the dispatcher can advise them of road and traffic condltlona* 
The first officer at the fire can radio an asseisment to the dispatcher 
who may rtspond by calling out additional equipment or diverting some 
trucks s When two chiefs respond to a tltm$ taking position on opposite 
sides and communicating via personal radios, the driver of the senior 
fire official can serve as a relay to the dispatcher at haadquarters. 

In police operations s officers need to be able to conmiunicate to 
the dispatcher and should be able to receive replies, even when on foot 
or inside buildings » Police cars are dispatched now with a voice call 
from the dispatcher. For urgent calls ^ several cars may ha dispatched; 
coordination of these units requires group^calling capability* 

While any publlc-'service communication system must provide for 
coverage of a specific area such as a city, county, states or region, 
several levels of call-addressing should be provided to match the 
organiiatlQnal requirements of the user groupi individual calls, area 
calls, group calls ^ sub'-grQup calls. And perhaps an all-^call capability- 
Emergency medlcal-^service vehicles such as ambulances require direct 
communication with hospital emergency rooms to enable lif e--sustainlng 
procedures to be directed by the doctor to the paramedic, and telemetric 
data channels to enable vital life processes to be monitored en route- 
In handling a large disturbance, reinforcenients or special units 
may be needed for new units to take up the group calls used in temporary 
asslgnmenta* In the case of mobile units in a cellular system, this 
requires changes in the setting of the address decoder for group calls. 

Additional requirementi apply to public safety communlcatloxia in 
the event that a link in the command chain fails, a cell station or 
dispatching office, for examplei 

m Each shift commander of police must be able to talk directly to 
the group under his command; 

• On-'scene commanders (police or fire) must be able to talk to 
other commanders at their own level of command, or to a senior 
cotmnander or marshal in charge at a major emergency; 

# Senior commanders or fire marshals must be able to talk directly 
to officers under their command and to headquarters. 

Equi pmen t ul rements^ 

The following requirements apply to public safety service 
applicatiorts i 

• The system should provide for operation of both vehlcle^mounted 
and personally carried mobile equipment; 

# The probability that there will be no channel available to police 
or fire dispatcherB should be near 2ero| 
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• Dispatchers should be able to talk to groups or indlviduai 
patrolSs on foot or in vehlclas; 

• Dispatchers Bhould be able to conttol lateral cotnmutiications 
(car^to^car or perion^-tcperson radio transmlisioni) ; 

• In the case of hot pursulti the fisced portion of the mobile 
communications should track the group of pursuing cars closely 
enough to maintain communications; 

e Single-button calling of frequently called numbers is very 
deeirable ; 

e Automatic identification of the calling party by thL system 
should be provided; 

• The time required to coiinect to the called unlt(s) must be held 
to a minlmunii 

• The address of a vehicular or personal radio should be easily 
changeable when ths radio la assigned to another uaer or group, 
but should be safeguarded to prevent umuthorlged tampering* 
The user should have control of his own ilngle-'button calling 
repertoire; 

• The system should handla ancillary ilgnals required for 
electrocardiograms or other diagnostic indicators , mobile 
printers, s tatus moriitQrs , call-back IMlcatorSj etc»s and 

• A loudspeaker should be provided to perinlt hands-off operation of 
mobile radios • 

Spectra l Efficiency 

Spectral efficiency must be considered, even though it may not be 
stated as a user requirement. The measure taken tn the past to increase 
the nuinber of channels available t^as to reduce the spacing between 
channels, as better filters and more stable radio designs were developed* 
A number of mobile users generally share each channel, perhaps using a 
number of separated base statlonB . This is single-'channel access. 

The neKt higher level of spectral efflcleTicy is achieved by pooling 
a nudber of frequencies, and assigning these whenever required. Because 
service demand fluctuates ^ a number of pooled channela can provide more 
service capacity than an equal number of Indeperident channels. The 
degree of improvement depends on the number of channels pooled i and the 
blocking probability that can be tolerated in gaining access* The added 
cost of" pooling is that all mobile sets must be rapidly and remotely 
tunable over a number of frequency channels* This arrangement results 
in a trunked system, of ten used for mobile telephone service, but seldom 
uied for other mobile radio systeins* 

Still greater spectral efficiency is possible by dividing the 
coverage area into cells, each ^Ith its ovm bale station and family of 



^0 



MOBILE PUBLIC-SERVICE REQUIREMENTS 



4 



frequencies t Frequency families are used over and over again In a 
number of non-adjacent cells* Several such cellular systems have been 
proposed. The added cost of cellular systems comes mainly from the 
increased number of baie stations and interconnections required, with 
some Increase in costs for control of the mobile sets. 



Section 4 Alternative Mobile Radio System TechriQlogies 



Mew technologies are becotning available to satisfy the requirements just 
outlinad. In reviewing the technologies^ It is important to note such 
considerations as methods of fflodulationj technlqiiea for access, Btcategie 
for radio spectrum uses and provision (if any) for privacy or security. 

Existing aystenis and related services use W. in channels assigned 
uniquely in the frequency spectrum ( frequency dtvision) in bands below 
500 megahertz* Aside k^um such systems as Citi sens' Band and coastal 
harbor radio i which are not discussed here^ two basic systm 
configurations are now available to the public for two-^way voice 
communication with mobile units i 

m Private conventional systems provide two-^way communications 
(voice and data) between land-based stations and mobile units, 
and from mobile-^tO'-moblle over a channel dedicated to the 
users. There is no attempt to achieve privacy. All mobiles 
receive base station signals j and mobil6^to--mobile Interaction 
is limited only by propagation considerations # Suc^^ service 
is referred to as ^'dispatch service" and is not ordinarily 
connected to the public switched teiephone network* 

m Public tr unked sygtems^, including the Bell System's Improved 
Mobile Telephone Service ClHTS) and some radio common carrier 
(RCC) systems, provide mobile telephone voice service that 
can be connected to the public switched telephone network* 
In such systems J each mobile unit may have access to any 
of several radio channels (trunking), but none will tune to 
a channel in use by any other* 

Although the quality of voice and data on an uncrowded channel li 
eKcellent in conventional public and privata systems * the demand for 
channels has been so great, and the solution to the problem of frequency 
spectrm allocation by the FCC was so long delayed that "service quality" 
(which includes waiting time, messages garbled by interference, and 
repeats) has become marginal in many instances^ particularly in urban 
areas * 

Options for improving this situation arei 1) allocation of more 
of the frequency spectrum for land mobile radio i and 2) adoption of new 
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equipment and systems that malce more efficient use of the frequency 
spectrum, 

FCC Docket 18262 initially appeared to have resolved the frequency 
allocation issue* In this decision (made in 1975), the FCC allocated 
40 ffflE to a hlgh^capacity nationally coTTipatlble mobile tale^one system, 
allocated 30 MHz for dispatch usej employing either conventional or 
trunked systems , and held 45 hfflz in reserve* 

Making use of the newly asaigned spectrum at 800 MHz has been 
delayed by uncertainties in administrative procedures and by debates 
about the felative merits of emerging technologies. Both problems will 
be overcome eventuallyi but for manyi the delay is CDnsidered frustrating 
In view of the demand backlog. 

Technplogles that are more efficient in their use of the spectrum 
do eKist* In our view, the coniponentSi circuits » and equipment that 
have been dtwiDnstrated or that appear promising in principle can 
contribute to a continuous flow of evolutionary Improvements In mobile 
equipment, improvements that can be directed to achieving lower costs 
per function or to providing functions not pfeviously available. 

Configurations differ in their use of such resourcss as the electro-^ 
magnetic Bptctrum and dollars , Spectrum is a resource characterized by 
frequency s space, and tlme^ The economics of mobile systems are 
generally expfessed in terms of coat per mobile per month , and include 
the operational and administrative costs of the entire system, as well as 
equipment coat amortisation and inalntenance • 

Alternative system concepts also differ In feasibility for 
commercial application. Some are based on technology that has been 
explored and developed for many years ; others employ principles that 
appear to have great potential ^ but little is known about th^lr 
performance In the metropolitan environnient * 

The next few pages take up the basic concepts, special featureSj 
and technical feasibility of the following technoloilest 

9 Conventional FM Systerns 

9 Trunklng 

9 Cellular Systems 

9 Time Division Multiplex Systems 

9 SaCellite Mobile Cominunications 

9 Spread Spectrum Techniques 

9 Packet Radio 

9 Speech Privacy, 

Conventional FM Systems 

Sy^s t &m Concept 



In PMj the frequency of the radio signal is varied from an assigned 
carrier frequency by an amount proportional to the amplitude of the 
modulating voice signal, and at a rate that represents the instantaneous 
frequency of the voice signal. 

FM has been widely accepted since its invention by E, H» Armstrong 
in the early l930's- In broadcasting, it provides the high audio quality 
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of FM radio, and the sound portion of televleion. In cOBimunicatlons , it 
is used for mobila telephone^ radio common carrier, and for dispatching 
trucks, cabs, and the safety eervices— f ire, ambulaticei and police. 

In mobile phone and conmon carrier services, and In some 
dispatching services , two frequencies are used, one for tranamisslon by 
the base station and the other for transmission by mobile stations. In 
many dispatching services one frequency is used for all transmssions 
on a iaquential push-^to^talk basis. 

Special Features 

FM provides greater freedom from static and noise than ainplttude 
modulation (AM) systems. When stations operate on the same frequency, 
they are vulnerable to cochannel Interference, Such interference can 

separating stations far enough that undesired signals are not heard 
or by having each station include an Inaudible signal that tells 
receivers to open the squelch or silencing circuit* When the desired 
station Is transmitting, audible interference is avoided through 
"capture.*' The capture effect is a property of frequency modulatlQni 
a signal that is stronger by a small ratio, called the capture 
ratlOi effectively suppresses all weaker signals* 

Through the assignment of frequencies, it is possible to segregate 
groups of channels for different services. By merely changing frequency, 
any station can participate in any service. By combining the capture 
effect with the ability to use different power levels on different 
frequencies, the communications manager can achieve great flexibility 
of choice, limited by permissible secondary interference. 

Technical Considerations 

In nearly half a century of development, FM has accumulated 
extensive propagation data. In the entertainment field, stereo and 
quadraphonic sound can be transmitted in the original width of a single 
channel. In communications, greater capacity wlthtn a given spectrum 
allocation has been obtained by reducing the channel width through 
better filtering and more stable oscillators. These avolutlonary 
improvements have resulted from better materials, components, and 
engineering, as well as long experience. (There were almost 9-1/2 
million licensed mobile transmitters in 1977,) 

Improvements continue. Through large-scale integration, it is now 
possible to Include complex controls in a mobile radio at a cost of a 
few dollars, using the manufacturing techniques that produced the pocket 
calculator. Moreover, a frequency synthesizer for 660 precise and 
stable frequencies now costs about the same as an older unit with sIk 
crystal-controlled frequency pairs* 
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Trunklng 



System Concapt 

In a trunked system, users have access to many shared channels or 
lines instead of a single dedicated channel* Trunking is a well-'known 
and accepted practice in land^litie telephone and public radiotelephone 
sygtems. Improved service results from the random nature of use by both 
calling and called parties* 

^tomatic trunking Is used on Improved Mobile Telephone Service 
(IMTS) public radiotel ephone systems, and Its usb is inherently necesiary 
for the cellular systems desctibfed below* In the past, it has not been 
used for dispatch services, except on a manually switched basis, but it 
will now he raqulred fnr aTT syftems ii.^inff five or aore channels ir the 
806^821 MHb, 851-866 MHz portion of the spectrum alloeated to the use of 
private systems. 

Special JFeatures 



The presence of a computer In a trunked syatem allows the 
performance of functions that, m other systems, are either not available 
dt all or available only through some action of the dispatcheLr* These 
include selective calling, priority handling ^or the calls of some users 
(if that is considered daaitable) i call waiting, automatic Identification 
of calling mobile, recording such information as Identification of called 
party and length of call, reliability through redundancy, and billing for 
Services • 

Trunking should be viewed as a technique for employing the radio 
frequency spectrum rather than as a separate system configuration* 

Technical jqnsidera_tion.i 

Multiple channel transmission and automatic channel selection are 
gtate^of--the-art today* System design is simplified and cost is 
tfllnimlEed If the multiple channels in the trunk system are adjacent In 
the frequency spectrum, but this Is not a fundamental requirement* It 
Is quite possible within the state'-of^the-art to design systems for 
selecting channels from different parts of the same band or, indeed^ 
froin more than one frequency band* 

Cellular Systems 

System Co ncept 

In today's conventional mobile radio services (either private or 
public trunked systems), communications with raoblle stations can extend 
to about 25 miles under normal conditions. To avoid interference, a 
single frequency is not shared in the same metropolitan area. Instead, 
base stations operating at the same frequency are located up to 100 miles 
apart ♦ 




54 TELECOtMUNlCATIONS FOR MOBILE PUBLIC SERVICES 

In a callulaf system^ base-station radlatad power is ititentionally 
limiteci to reduce geogtaphic covarage and to allow frequencies to be 
reuied by nearby base' stations . With properly designed cellular 
arrangements j a given frequency can be reused many times for many 
conversationi in a single city* 



Special Features 

Because mobile stations on the move cannot be limited to the 
coverage of a single call, even during a single conversation, systems 
based on the cellular concept must Incorporate automatic features to 
deteet movement of the mobile and to transfer the mobile station circuit 
from base station to base station as the mobile moves through the array 
of cells- Such a system plan obviously requires far more sophisticated 
equlpfflent and system integration than a simple, private, conventional 
systam, or today's public trunked system* 

By allocating 40 MH^ tn the 800 MHz band for high-capacity mobile 
radlotelephona services ^ the FCC has created the opportunity to serve a 
very^lirga nimber of mobile radiotelephone users. A cellular system with 
tr unking and a base station network covering cells of a mile in radius i 
could carry more than 5O,O00 simultaneous conversations in a service 
area 25 miles in radius with uniform traffic distribution* Even if 
radiotelephone traffic ware heavily concentrated in the city center , 
the capacity wuld be more than ten times as ireat as that of eKlsting 
systems. Only the cellular system concept offers such efficient use 
of the spectrum* ' 

k cellular radtotalephone service operating under computer control 
offers all the features previously noted for a trunked system. 

In order to route conversations via different cells as a mobile 
moves through the array of base stations serving a cellular syitem, far 
more equipment, Interconnecting transmlision lines, and network control 
are required for the array than for a single base station of a 
conventional trunked system* Thus, a configuration of small cells is 
economically attractive only if there Is a large nmber of users to share 
the cell network costs* Systems can be designed to operate Inttlally 
with large cells, serving a modest coimunity of users. As demand grows , 
the system can be recDnfigured to operate with small cells* The base 
station array and network would be adapted to satisfy the demand for 
service, while the mobile stations would remain unchanged* 

Technical Considerations 

The FM cellular system concepts proposed by Bell and Motorola are 
based on well-developed technology, but differ in detail. Bell and 
others have been conducting eKtensive measurements of radio propagation 
using FM techniques in matropplltan environments at 800 MHz frequencies. 
The effects of fading and multipath are well understood, the affecti of 
shadowing and short-range transmission are being examined, and the 
effectg of the urban environment on pulae transmission are coming under 
study. The challenges In FM cellular system design are to achieve 
automatic control of the switched base itatlon network and to develop 
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equipment to meet the requirements of the market, Thesa are systems 
engineering and development tasks employing v^ell-known methods, not 
requiring any technological advances. 

The cellular system concept is not restricted to any single type of 
modulatlGnj but because the relative Interfering effects of transmission 
from a station in one cell to a receiver on the same frequency in a 
nearby cell will depend on the type of modulation ^ acceptable cell 
spacing may vary with the type of modulationi 

Tlme-Divlalon Multipl ex Systems 

S ygty m Concept 

In a time-division multlpltiK system CTun), speech signals from a 
user are g^pled , and Individual samples transmitted at pre-established 
times ( time'-slots) * The interval between sample tranimissions can be 
long compared to the time to send a single sample, and can be filled 
with transmission of samples of speech from other userSi The sample may 
be represented by a signal proportional to the content of the speech 
sample (pulse amplitude modulation, FAH) or the sample may be coded into 
a binary signal with each individual binary signal (bit) sent separately 
(pulia code modulationj PCM). 

Special Features 

Sampled speech systenis offer opportunitleB to achieve privacy and 
security unavailable in conventional FM systems without scr^blers* 
Samples can be scrambled before transmission and raarranged after 
reception, and the binary signals can be encrypted by addition"-="and 
subsequent subtraction^^of an arbitrary sequence of pulses Imown to both 
transmitter and receiver* Security can be Improved if sampling, codlngj 
and encryption are performed at the point of origin , rather than at the 
base stations. 

Technical CDnsideratlons 

Technically j TDM systems with any fom of pulse modulation differ 
from conventional FM systems in two respects* First, the pulses in each 
speech channel require greater bandwidth than the original speech. 
Second, the urban environment causes multiple reflections and transmission 
path delays that culminate in a blurting or spreading of the transmitted 
pulses before reception and detection. Schemes to mitigate these effects 
must be built into specific system configurations. Either the pulse rate 
must be kept so low that pulses do not overlap , or the system must be 
designed to operate with occasional pulse interference* 

Digital radio methods for mobile services have been employed in 
military systems, particularly air-ground systems. In land mobile 
applications j experience has been limited, and the eKtensive body of 
experimental results needed to validate the application of TDM concepts 
to hlgh-capacity mobile services in the urban enviromnent has not been 
amassedi 
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tthlla theDretlcal calculatiotis suggest that the potential exists, testi 
of propagation in the uncertain urban anvironment are Incomplete. 

SateLllte'-Mobila Communications 

System Concept 

Satellite technology has advanced to the stage where coiMEiunlcatlons 
between shore stations and ships at eea (using antennas 4 feet In 
diameter) are being carried out in routine commercial operations today, 
via relay satellites (MARISAT system). This concept can be extended to 
transmissions between fixed base stations and autos or trucks on roads. 
Transmission of signals can be predicted accurately for a vehicle in 
open country, but propagation from a satellite to a vehicle in the urban 
area has not yet been studied i It would be useful for NASA to conduct 
sucb tests using its 860 MHg transmitter in the ATS-6 satellite (Brown, 
1977), 



Special Features 

Because a typical urban mobile system is designed to cover a radius 
of about 25 miles, it would seem uneconomical to consider a satellite for 
this purpose* A major advantage of a satellite repeater Is that It is in 
line of sight of stations located anywhere in its footprint* Satellite 
repeaters are well suited for communication to mobile terminals located 
in areas not readily accessible by terrestrial communications systems* 
Today, no single group of mobile users appears to have sufficient traffic 
to Justify a dedicated satellite, but aggregations of such users appear 
to offer an attractive market. Alternatively, part of a satellite might 
be allocated for this service, thus greatly decreasing the required 
Investments One possible use is in law enforcement (Farneas et al*, 1977) 

Another possible application would be the use of a multl-»bem 
satellite, each beam providing coverage for a state the size of Galifornla 
Te^as, or Pennsylvania, to feplace the network of repeater stations now 
used for police mobile communications* Satellites could be useful for 
cominunlcation with long-haul trucks bearing dangerous or expensive cargoes 
and for comunicatione during emergencies and disasters* 



T echnical Considerations 

For a sacellite-mobile system, three kinds of terminals could be 
coniidered for the terrestrial station i 

• An unmodified, coMiercialj mobile terminal operating In 
the 800 HHe band; typically , the same mobile terminal now 
planned for terrestrial use In this band. 

• A modified mobile terminal with, for exmple, a steerable 
parabolic reflector two feet in diameter that would 
provide about a twentyfold advantage over the typical 
small, car-moimted whip antenna, but would require a 



63 



ALTERNATIVE MOBILE RADIO SYSTEM TECHNOLOGIES 



57 



relatively expensive steering mechsiiism* A more expensive 
low-^noiae amplifier could also be added to Improve system 
performance* 

• FlKed land repeaters could be used with a larger antenna 
(say, 8 feet in diameter), giving a power gain several 
hundred times over a car whip- This would permit a 
corresponding reduction In satellite power. The land 
repeater would 3,lkely be in a different frequency band 
than 800 MHz and would rebroadcast the signal froia the 
satellite through a conventional 800 MHe base station 
transtnitcer to Gompletely conventinnal moblls tetmliialSi 

The first type of terminal would minimize the mobile costj but at 
the eKpense of relatively high satellite^radlated power* The second type 
would reduce the satellite power by an order of magnltudei but would 
increase the cost of every mobile station. The third would minimize the 
cost of the mobile terminal, but would require fixed repeater statlonSj 
equal in cost to a conventional mobile base station, plus a small 
satellite earth terminal, located within a few tens of miles of all 
possible mobile terminals* 

In a system with a great many mobile terminals ^ the use of unmodified 
commercial units would appear to be preferable. The optimum choice of 
terminals for a given system must take into account the ninnber of mobile 
terminals, extent of use, geographical distribution , circuit perfDrmance, 
grade of service^ cost of mobile equipment and land^based repeaters , and 
satellite costs for a range of radiated power* As satellites becoma 
available that have antennas 100 feet in diameter or even larger, the 
trend will be toward the direct approach , 

One barrier to the implementation of satellite-mobile systems is the 
lack of any frequency band allocated to their use for commercial service* 
Before eKisting mobile radio sets could be used in satellite^mobile 
systems, part of a mobile band would have to be allocated to that service. 
The present mobile users have fought long and hard for the 8O0 MH^ band 
and, understandably j are not enthusiastic about still another competitor 
for part of that band* Furthermore it would be premature to set aside 
adjacent frequency bands, if these could be made available^ for a service 
that might not materialize for a niunber of years* But if the potential 
of this unique system Is to be realized, ffequency space must be available, 
We recommend that the FCC make a suitable allowance to this end In the 
cons 1 d e r a 1 1 o^ _Q_f _ f geguQ y allocations durlngthe Wo r id Admi nlstra. t lye 
Radio Conference in 1979 (WARC-79 ) / " 

Spread Spectrum Techniques 

System Concept 

The spread spectruan technique enables many users to share a coimnon, 
wide frequency band ^ within which separation is effected by unique codes* 
Spread spectrim modulation was Qriginally developed for the military 
because it provides antl^jam capability and is well suited for privacy 
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coding. The necessary equipment is considerably more cofflplicated and 
Bxpensive than today's FM equipment. 

The spread spectrum technique is a particular way of transmitting 
binary coded pulses* Before a voice ilgnal can be traniraitted, its 
normal analog wave form must first he converted to a bit stream. Each 
bit of the binary coded itrea© is transmitted by a signal that has 
a bandwidth far greater than that of the binary pulse™that Is, the 
repraientation of a single pulse is a signal that is spread across the 
spectrum allocated for the service* There are many ways of spreading 
out signals in frequency. For example, each bit could be represented 
by the transmisiion of a series of short pulses of different frequencies 
("nhlpB'*) in each of several time slots. The time-frequency pattern 
would' be unique to a given mobile receiver » and the base station would 
encode each outgoing bit Into the pattern appfoprtate for the called 
mobile unit. The information would be carried by the phase moduletlon 
of the atgnal In each *'chip""Oiie phase representing a "0" in the signal 

Dltj tne OLUet ^Uase a !• 

The mobiles would transmit to the base station, using their unique 
address code. Because the base station receiver must receive the slgnaL 
simultaneously from all mobiles in its service area, the usual concept 
of automatic gain control cannot be used. To avoid receiver overload at 
the base station, each mobile would have to reduce Its rsdlated power 
as it nears the base station. 



jpe clal Features 

The spread spectrum technique is Inherently private because of Its 
encoding. It Is resistant to narrowband interference because the power 
of the transmitted signal is spread across a wide bandwidth and 
mterfarence at specific frequencies would have negligible effect. The 
theoretical studies for its use in urban cellular systems have indicated 
promise^ but have not yet been verified by experiment. 

Spread spectrum modulation is a particular eKample of the time 
division multiplex concept which, as noted above, has not yet been 
investlgatad thoroughly in urban centers ^ nor considered for application 
to a commercial dispatch or mobile telephone service, with predominantly 
voice coTfflnunicatlons . 



Technical Considerations 

Theoretical studies are underway on the performance of cellular 
systems using spread spectrum modulation Instead of FM. Studies have 
suggested that the number of possible subscribers using the spread 
apectruffl system might be several times to several tens of times greater 
than the number using FM, depending on the assumptions made (Cooper and 
Nettlaton, 1977)* Nevertheless * many workers in the field believe it 
would be foolhardy to discard a system as well developed as FM to adopt 
an untried technique. Yet they also feel that the spread spectrum 
techniqae shows iufflcient theoretical promise that it should not be 
discarded without a fair trial In a field test. We complettly agree. 
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Opinions differ about the validity of the assumptions used to date 
in the analysis of spread spectrum modulation for cellular systema. We 
understand that the various approaches now under study will soon be 
published* These differencei may then be compared* Two studies have 
been recently undertaken for the Federal Communications Commission by 
the Institute for Telecommunication Sciences in the Department of 
Commerce on the possibility of operating spread spectrum modulated mobile 
radios in a TV channels and on the extent to which spread spectrum mobile 
radios can co^^escist with conventional FM mobiles* 

If such studies show positive results j field tests shQuld be 
conducted to prove the assumptions and to reveal any practical side-- 
effects Tint rnv^red by the theoretical analysis, as well as to provide 
a more realistic ^aasure of equipment costs. The information will guide 
a final deteftnltiai^on of the system-s utility. In the meantimej work 
should proceed on Tcnown methods of improving spectrum utlllEation, such 
as the FM trunk^d arid cellular systems* 

Packet Radio 

System Congept 

Packet trarisniission of data is now available to the continental 
United States via the terrestrial network and to Hawaii and Western Europe 
via satellite. To tiine-share the transmlSBlon medium efficiently, 
computer processing centers temporarily store data messages received from 
local subscribers, arrange these in a queue, and transmit them 
sequentially using spread spectrum modulation In packets of about 1,000 
to 2,000 bits mch. The computer adds eKtra bits for error detection and 
selects the best of several paths for transmission. Transmission 
efficiency is obtained at the expense of a very slight delay (typically 
a fraction of a second) and additional compleKity in the processing 
centers . 

Use of similar technology has been proposed for a military radio 
network* An experimental system is being tested by Stanford Research 
Institute under contract to the Defense Advanced Research Projects Agency 
(ARPA). This s^^stein is designed to interconnect mobile terminals and 
fixed stations dispersed over a relatively wide area that communicate 
with one anotheir by radio. A number of repeater stations are located 
throughout the area Co effect this interchange. 

Special Fgatureg 

Messages ftom a mobile terminal are routed from one repeater to 
another by one of several control stations. When the mobile approaches 
the limit of om repeater's coverage, the control station alerts the 
mobile to addriss the next repeater. This latter procedure is similar 
to the proposed cellular concept. Because the system is designed for 
military use, provision is made for alternate routings that may be needed 
if some repeated fail or suffer damage. In the particular system being 
tested, system parameters are selected for data transmission; voice is 
used only as supplement. If the concept were adapted tu conunercial, 
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urban inoblle service the parameters would have to be reconsidered. The 
differences In itatistical use between a dispatch service and mobile 
telephone service--an average fflessage burst of 10-15 seconds in the 
former atid 180-240 seconds In the latter— may require different system 

^*^^*it 'should be pointed out that efficient use of the transmlaslon 
channel obtained by queueini in the packet system is achieved in large 
part in the puah-to-talk dispatch service, in that a number of users 
share a given channel and each talks as soon as he hears the preceding 
speaker stop. Thus, the storage Is in the user's head rather than In a 
digital storaie regiater. Another point to be made on the applicability 
of this system to commercial, urban use is that a given message in the 
packet ByHt^in u.ay be relayed aequentlally through a number of separate^ 
repeaters before reaching its final destination. This Increases use 
the spectruin by the number of relays. In the commercial cellular system, 
the mobile's messaie is relayed by the base station (equivalent to a 
repeater in the packet system) via a wireline so that the spectrum is 
uacd only once rather than a number of times. For military purposes, 
the wireline Interconnect of the commercial cellular system would not 
be practical. 

The packet concept of using all the available channel time 
(including all pauses) for interleaving messages from various sources 
has been used in undersea cables for 20 years in Time Assignment Speech 
Interpolation (TASl) , and is now being applied to commercial satellite 
time-division terminals ("digital speech Interpolation" or DSI). It has 
not been used in the mobile telephone system, where the listening channel 
lies Idle as the subscriber talks (a full-duplex system). 

Tgehni pal Consider ations 

The effects of urban multipath transmission on narrow pulses of 
0.05 to 0.1 microsecond, used by the spread spectrum modulation method 
in the ARPA system, must be evaluated by suitable propaiatlon tests. 
Some tests have already taken place (Nielson, 1977). Testing of this 
experimental ASPA system will continue for the next few years and should 
be evaluated for possible commercial use. 

Speech Privacy Equipments 

_ Baslc Concept 

With the greatly increased use of personal and mobile radios, there 
is likely to be an Increase in unauthorized interception of radio 
transmiisions by the idly curious, criminals, or industrial spies. While 
most of the nilHons of mobile users do not require equlpmant that 
ensures privacy, the few that do create a significant need that Justifies 
serious examination. 
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Technic al Considerations 

Heretofore, scramblers for mobile application have been of the 
analog type, in which the 3 kHz voice signal is processed in the 
frequency or time domains or a combination of both. Digital scramblers 
have recently been made available. Both of these are discussed briefly * 

# Analog Scramblers 

The earliest speech scramblers started with a simple frequency 
inversion in which the high speech frequencies were made low and vice 
versa* There is only one "code" and even this could be almply decoded. 
In a more complex system, the voice spsctrum Is divided into five bands 
with filters I then either transposed directly or inverted. Only a very 
small percentage of the possible codes can be used* 

Time^domain scramblers continuously record the voice on a magnetic 
tape y and transmit voice segments in transposed time order* Here as well, 
only a very small fraction of possible codes are useful- Combinations 
of time'' and f reqiiency-scrambl 1 ng provide aignlf leant improvement over 
either used separately* While these would be effective against the casual 
listener or one with a similar machine but no knowledge of the exact 
code, they could be broken by a professional with the proper equipment. 

# Digital Scrattiblers 

With the invention of pulse cod© and delta modulation, it is possible 
to represent Bpeech by a digital sequence and, accoifdingly , use can be 
made of the scrambling techniques already used to encipher digital 
telegraph signals- A key generator producing over a billion billion 
possible digital sequences j which are combined with the digital speech 
signal to produce an enciphered output, ha*s heeu i^uilt on a single chip 
less than a quarter^inoh square* The total scyatTibjer, including the key 
generator chip the analog^to--digital coder (and the corresppndlng 
decoder), and tne synchronizi v g circuits occupy less than 1-5 cubic 
inches, weigh under 3 ouncee, and draw only a fraction of a watt of 
electric power* 

When such devices are used with st. ^rd mobile FM equipment, 
the digital voice signals are typically restricted to about 12 kilobits 
per second (kbps)* The resulting pulses then frequency modulate the 
carrier, remaining within the 20 kHE receiver bandwidth. The 12 kbps 
signal is Intelligible, but the speech quality is clearly Inferior to 
present telephone quality- Work is underway to improve the quality of 
such lower blt-=rate codes by using more powerful algorithms* The 
processing equipment will be more compleK, but with digital techniques, 
the physical increase in size and weight should be relatively minor* 

Special F eatures 



Small Speech privacy devices of a digital type, now being offered 
by at least two manufacturers, could readily be incorporated into mobile 
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radio setS"and provide b high degree of privacy » We do not kno^ how 
they would stand up to the efforts of prof esstonal cryptanslysts using 
conipiiteirs and specialised equipment, but they appear to provide a period 
of pitvacy for most mobile users requirliig this featare* 

For most mobile appJtcatloxis , privacy equipmeiit is not needed at 
all* A relatively few uiers coiislder privacy to be essential^ even if 
the cost were equal to that of the radio set-'^meanlrig several thousand 
dollars* Substantially more iisers would btiy such units if the cost were 
perhaps a tenth that of the radiD~a few hundred dollars. With the 
daclinlng trend in digital component costs as a result of large-'ecale 
production, the lower price may be realistic In the 1980 -s. 

From a regulatory vi ewpoint, the present allowable spectral envelopa 
Is based on a frequency ffl oduiated analog voice signal* This should be 
re-e3Camlnad for validity In light of the" Inc reusing use of digital 
signals > " Another regulato ry matter that now a ffects the United States^ 
baiar.ce of pay ments 1^ the_ restriction on exporting such equipmeritt This, 
too, should be studied. 
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Section 5 Vehicle Locating and Monitoring Systems 



The subject of automatic Vehicle L'^cation (AVX.) li Included in this study 
of mobile communications tot sever a^l reaionSi TeiecoMiuiiication i ox 
coMunication at a distance. Is defined intarTiiLtlonally as including radio 
position-finding by passive means (radar) and by active means (bfcacDn) as 
well ai radio station location by direction-finding metbodri* TfilametTy, 
or measuremant at a distance ^ is also considered within tha 
talecotomunications family* In a narrower sense ^ most AVL aysraLis involve 
transmission of radio signals from the mobile atation back to the base 
station to Infom the latter of the mobile's position^ thiiB requiring a 
radio circuit separate ftom that used to measure position* The techniques 
and equipment used to determine position are mainly those already used in 
the telecommunications field. From a practical viewpoint , these are best 
treated as part o£ that field* Finally * AVL systems Uie the 
radio frequency spectrum and should be considered part of frequency 
spectrum management* 

Automatic means for locating a fleet of vehicles and for monitoring 
their cotidltion could be useful for a niaaber of public services* Such 
systemi can assist in schedule keeping and can uncover Improper routing 
or shirking* With equipment sensors ^ they can reveal toproper functions 
before these result in major damage* They could provide signals on 
holdups > tarrorismj or vandalism, and some might track stolen vehicles* 

In any such aystecQj there must be a means to establish the location 
of vehicles j and sensors to detect the speed and direction of movement 
from that location (or to re-establish location frequently). There may 
be Sensors to report the condition of equipmenc and loadj and there must 
be means for transmitting the data to some common point for computation^ 
storage^ and use. 



Systems may be designed for vehicles that repeat a fixed route-=^ 
buses s for exTOple~or for vehicles that have unpredictable routes s such 
as police patrol cars. In vla^ of the array of needs and the large number 
of techniques that could be applied, this section will describe several 
representative systems. 



Systemg^ 
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SYSTEM k — A vehicle repeatedly issues a weak radio signal coded with an 
identifying number and any other Information that way be required. The 
signal is picked up by receivers mounted at intervals ('-signposts'') 
along the route and sent to the computer via ordinary telephone lines. 
This gives the computer a periodic location and time* The computer can 
calculate later approKimate positions— based on average speed of the 
vehicle — until another position signal li received, 

SYSTEM B~Each signpost along the route transmits a low^-power signal 
coded With the identity of that locatiori. Equipment In the vehicle picks 
up chft signal, stores the location identity, and starts an odometer and 
clock. A central computer facility polls the vehicles using the regular 
m consmunication radio. When a Vehicle is called^ it responds with the 
data It holds in store, the Identity of the last signpost, the time 
elapsed, and the distance travelled. With such data* the computer 
determines the vehicle's present position. Situation data may also be 
included. In a variation of this system, the radio transmitter of the 
slgnpoit is replaced by magnetic nails driven into the pavement in a 
recognisable pattern* 

SYSTEM C~A central station transmits the identity of each vehicle in 
turn, followed by a timing pulse* The Identlflad vehicle waits a fixed 
time, then transmits a radio pulse. Three receiving stations pick up 
the pulse and send it to a central computing facility ^ From the 
differences in reception times at the three receivers^ the vehicle's 
posltton can be triangulated. In a variation of this system, the 
communication channel is replaced with vary precise clocks at the receiver 
locations. Each receiver determlriea the precise time of arrival of each 
pulse and sends this infortnation to the central computer. Status 
Information can be sent as an addition to each voice transmission or as 
independent short messages at unrelated times so that any interference 
does not long persist* 

SYSTEM D"It la possible for vehicles to intercept signals from the Loran 
navigational system* Each vehicle must have an automatic Loran receiver 
and muit store its output and other information for transmission to the 
computer t Condition information can be included In a message. 

SYSTEM E"A system can be based entirely on dead reckoning. This 
requires higher sensor accuracy, but avoids the cost of signposts and 
their power supplies. 

Any of the systems that do not require a fixed route can track a 
stolen vehicle. In all the systems described, sensors for such conditions 
as engine temperature, oil and air-brake pressuras, can be standard 
mechanical devices with electrical Indication of limiting values. Loads 
can be read by spring compression or by passenger coutiters* Fire or 
smoke can be detected by standard raeani . Vandalism, Violdups , and 
terrorism can be signalled by the operator. 
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Results 

Tests using different techniques have been carried out in Chicago^ 
St, Louis s Philadelphia, Dallas, and Orlando. A second round of testa 
has recently been completed In Philadelphia, and the results were used 
to select m system for a large icale eHperlment in Los Angeles. The 
tests aif% sponsored by the Department of Tranaportatlon's Urban Mass 
Transit Administration, which has eatabliahed a research and development 
specification for accuracy of 300 feet, 95 percent of the time* 

More important are the oparational results (some from experience , 
some froci simulation, and some based on study data)i 

• One city found it could ^djce Che number of roving 
aupervlsori and cut the rnma required to resolve a 
icheduling probleni from iV minucea to less than 5 minutes* 

• One study simulating pati-ol car runs showed that a vehicle 
locator, when combined with a computer to Indicate one-^way 
streets and other impediraenta to the chaser could increase 
the probability of arrest by 15 percent. 

• Orlando reported that it could reduci %hi^ Dumb^ir of patrol 
curs by 5 percent uBlng a locator* Whll* this saema small} 
the annual cost of a car and ^he three polto.e shifts that 
u#e each car runs to nearly |250,000* 

• Hamburg reported the ability to reduce the reserve fleet of 
buses by 4 percent and to reduce deviations from schedule 
by 50 percent* 

Pf obi ems 

While such examples bring out advaiitages achieved with the AVL 
system, the lack of standardisation inhibits large-'Scale production of 
equipment and the corresponding price reductions. Despite the tests, 
the cosf^^f fectiveness of AVL systems has yet to be demonstrated. 

Radio tfansmission problems in AVL are the usual ones of noise 
(especially in industrial areas), multlpath, shadowing ^ and occasional 
anomalous long-^dlstance propagation. Wire problems are also the usual 
ones of Imbalance j induced noise, ground currents ^ and distortion. 
Corrective measures and their limitations are well known* 

A major problem is lystem design and standardization to achieve 
cost reductt.^n. There is a ^Ide range of techniques for both sensing 
and data transmission, and it is necessary to select the combination 
that offers Che best ratio of performance to cost for each application 
or group o£ SLpplicatlonSi The variations among cities in vehicle 
distribution, population density, geographic sige, probable rate and 
direction of growth, and radio propagation conditions, make for 
uncertainty that a standard, single approach will be possible, yet the 
use of different systems impedes movement toward lower costs with 
standardised systems. It is thirefore an open question whether a 
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reasonable compromise can be found to realize the operational savings 
possible at a cost consistent with such savings* The forthcomini 
Los Angeles experiment will be important in answering this question. 
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Section 6 t Mobile System Alterhatives 



This section deals with two-way mobile tadlo ayattmi* Neither paging 
syatems nor CB radio is discussed* 

Tecjinlcal Feasibility^; 

The technical feasibility of FM ffiobile radio service is beyond 
quefitlon* Gommerclal systems for both private and public service h#ve 
b%eri in operation for years at frequanclei below 500 bfflE. Difficulties 
hava been encountered only because of channel crowding* 

In Doclcet* 18262, the FCC allocated frequencies above 800 for 
land mobile radio services* Bell Laboratories and others hava conducted 
extensive studies of narrowband radio propagation in an urban 
environment at such frequenclea (Jakes ^ 1974). The Bell System Is 
conducting a trial of its high^capaclty cellular concept In Ghlcago* 
The trial Is expectad to continue through 1978 , but Bell reports that 
ptaliminary results confirm the validity of the design concept* 

Time-division multipleKlng (TDM) of voice iignals has been employed 
in oommerclal wireline carrier systems for more than 15 years* It is 
the preferred technology for short-haul applications and holds tha 
potential for long-haul guided v^^v^ systems using coaxial cable , 
mtillmeter waveguidej or optical waveguides (fiber) as the transmission 
medium- The electronics for samplings encodlngg and multiplexing are 
Will understood s reliable, and economical * In addition, fixed location 
microwave radio relay systems an transmitting digital signals with tlme^^ 
division multiplex* Thusi tranamlssion and reception of high-speed 
pulgt^'coded radio signals can be considered state^'of ""the^art technology* 

Finally J TDM radio systema have military applications in mobile 
use J and information has been gachered on field propagation. Such 
estpetlence is of value In assesslni the potential of TDM for high^ 
capacity mobile services in the urban environment, but the evaluation 
la not conclusive* Military gradfe^-of'-servlce requirements may be 
similar to those for some public safety services, but do not meet the 
s3tpectatlons of users of the public switched telephone service. Father, 
the Interference 5 multlpath, fadirig, and delay effects of radio 
propagation in the urban envitonra%nt are unique. Such effects on the 
tfiception of digital radio signals by moving vehicles in cities have not 
been Investigated In adequate depth to assure the applicability of TDM 
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for mobile radio service* In our judgment, basic propagation studies 
should precede system design and feasibility trials. 

Satellite relay between fixed base stations is of unquestioned 
£e.isiblllty and is being used co^ercially to ships at sea. There are 
few sieasurements of radio propagation between sateilltas and vehicles 
tnovlng in the urban environment. Here again, propagation tests must be 
made before the system concepts are Implemented. 

Abllit£_^o_^e^_yser_Ne^ 

Public Radio Telephone Service 

The cellular concept appears suitable to meet the need for high- 
capacity public swicched services in metropclitan areas with efficient 
use of the spectrum. This conclusion is independent of the modulation 
technique used, whether FM or any of the various TDM techniques. 

Theoretical calculatlona have been made of the number of separate 
mobile units that can be handled with spread spectruin techniques (Eckert 
and Kelly, 1977). Theri Is no eHperlmental verification of a spread 
Bpectrum iystem^s ability to carry the large number of simultaneous 
convejfsatlons expected In public radio services in urban areas. 
Military applications are promising, but do not provide a sound base 
for extrapolation to high-capacity metropolitan systems. 

Among the characteristics to be considered In comparisons between 
systeois ia speech quality. An objective of the proposed 800 mz 
tilephone cellular system is to provide speech quality comparable to 
that of our terrestrial telephone network, so that It can interconnect 
without loss of qualityi When digital systems are considered as 
replacements for FM systems, the voice quality ihould be equivalent. 

To augment public mobile radio service in metropolitan areas in 
the most timely manner, FM systems operating with cellular arrangements 
above 80O iMz appear to be most promising. 

Whefi a smaller user comnunity existSj as in cities with relatively 
low populations, a single higher-powered base station operating in a 
trunked system arrangement might meet initial demands. This is 
equivalent to a cellular system of one cell. With a single large cell, 
use of the spectrum may not be as efficient as with a number of small 
cells in a large metropolitan area, but it would be consonant with 
demand. This assessment is independent of whether FM or TDM techniques 
are used* 

In principle, either an Integrated network of terrestrial stations 
or a satellite relay station could meet the needs of complete coverage 
of the highway system for mobile services. The former is known to be 
technically feasible^ and the latter has great potential. 

Private Radio Services 

Private radio services are used in such public safety services as 
fire, police, and first aid squads, and in much commercial dispatching 
of trucks, taxis, buses, and other road vehicles. 
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The operational requirements for radio services vary. Public iafaty 
services are tightly organised, operate with disciplined protociolSs and 
maybe more tolerant of grade-^of-service variations, provided Immediacy 
of comfflunlcation is given prominence. Radio services for taK:lcabB and 
trucks typically operate with shorter message='holding times than public 
telephone users, so on a per--message basis may be more efflclerit users 
of the spectrum* 

A hlgh--capaclty trunked or cellular system could be engineered to 
meet the needs of both public safety and comffierclal vehicles* However , 
particular requlrementS"f or exainple, voice privacy In public safety 
servicei^^ay be sufficiently different from the needs of the public 
user community that separate channels should be dedicated for their use* 
Even when channels are dedicated to private users, implementation of a 
hybrid arrangement would provide an alternate communication path in the 
event of failure or overload of the dedicated channels* 

Economic Considerations 

All of the new technologies under consideration are Intended to 
provide more efficient use of the spectrum or new service opportunities » 
and none should be expected to yield a dramatic reduction in coats over 
systems available today* 

Where the technology is well establlshedj as in FMj there are years 
of experience In cost reduction. Alternatoly, if a feceivar la tuned to 
a fixed frequency band, as is the case for a spread spectrum receiver, 
no need exists for the autoinatlc channel=-aelection equipment of a trunked 
system* However, with integrated circuits for complex logic and data 
manipulation j and solid state radio frequency devices ^ sophisticated 
signal processing and access to a wide range of frequencies will be 
available at costs comparable to those of the electronic components in 
contemporary mobile units. Furthermore, mobile unit costs consiat 
largely of structures, power supplies ^ handsets (or microphones and 
spealcers)j antennas^ and other non-electronic apparatui, so the costs of 
mobile equipment for the new techniques should not differ widely from 
current costs. 

Base complex costs are another matter. Base stations to serve a 
few channels at 800 >Wz should cost about the same as those operating 
at lower frequencies and serving the same number of subscrlberis but 
the base complex for hlgh^capaclty mobile systems will be more expensive. 
In the TDM concept, for example, each base station would require 
equipment for up to 96 simultaneous conversations and a broadband 
transmitter for distribution of the signals. In any cellular systeaQj 
high capacity and frequency reuse would be attained with many small base 
transmitters distributed around the metropolitan area. Fixed equipment 
could be separated by as little as 2 miles* To maintain coiwnunicatlons 
with a mobile moving through the cellular complex, it is necessary to 
provide a centrally controlled, fixed communications network linking the 
base stations* The ground network might consist of a separate array of 
microwave radio links or a wireline network, A satellite system 
dedicated for land mobile radio use would require a very high initial 
investment of the order of $100 million to §200 million. 
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The coit of a large base complex is reasonable only if It can be 
shared by a large number of users. Cost estimates are not available 
for each of the alternatives. We cautioii that care muit be taken in 
implementation and introduction planning to ensure that the base station 
investment can be recovered with tariffs low enough to satisfy the market. 

With proper planning, the cellular concept can be introduced 
ecotiomically. An initial Installation should have the smallest number 
of cells and radio equipment to meet the coverage and volunie requirements 
of the subscribers. The first installation could be a single cell that 
covers, say, a 25'-mile radius. As service is extended outside the 
initial area, more cells can be added around the periphery to increase 
coverage. As traffic density grows, more radios can be added to the^ 
loaded cells until a maKlmum number is in use. To meet further service 
demands, it will be necessary to add cell sites to create smaller cells 
within the Initial grQup. In implementing this strategy with optimum 
reuse of frequencies* it is necessary to allocate frequencies In initial 
large cell configurations, with the expectation of future cell subdivision 
and frequency reuse. 

To obtain modest nationwide mobile coverage, one transponder in an 
appropriate frequency band might be piggybacked on a geostationary 
satellite whose major capacity would serve other domestic communications 
purposes. Initial market studies are promising and should be pursued. 

Several attempts have been made to assess the national economic 
benefits and costs associated with the use of land mobile radio. It is 
generally accepted that the use of mobile radios results In a cost 
Improvement of 20 percent for performance of an appropriate function 
(Federal Communications Commission, 1967), but by 1980 the reduction may 
be as much as 25 percent because of increased costs of equipment and 
labor , 

Spectrum Efficiency 

In current mobile radio services , Individual radio channels are 
separated by 25 or 30 kHz. Xn some cases, it may be possible to cut the 
separation in half. Thus for discussion of spectrum utilisation, we 
take a baseline figure of 5 to 10 radio channels occupying a band 150 kH^ 
wide, with the frequencies reusable only for services separated by, say, 

100 miles . . 

Dispatch services commonly use a single channel for both directions 
of transmission with a push-to-talk protocol. In mobile radio telephone 
service, separate frequencies are used for transmission and reception. 

In a typical TDM concept, up to 96 channels of base--ton'nobile 
transmission would be time-multiplexed in a 1 MHz bandwidth, giving 
approximately 15 channels per each 150 kHz, with the fraquenciesi reusable 
at spacings approaching 100 miles. Mobiie-to-base transT^t^^^ion could be 
over separate FM channels. 

The proposed FM cellular system at 800 mz has frequency separations 



comparable to those used today. In the design strategy It Is expected 
that the high capacity of the cellular system for urban services will be 
realized by configuring the system so chat frequencies can be tp"=«'1 
separations of less than 5 miles, usini cells of 1-mile radius. 
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a configuration will perinlt a frequency use on the order of 10 times 
greater than that with current system configurations , assuming typical 
traf f lc="denaity patterns, and even greater frequency use If traffic is 
uniformly spread* 

Spread spectrum techniques also offer an 0pp. unity for efficient 
use of the spectrum* Theoretical computations (Eckert and Kelly^ 1977) 
suggests a capacity greater than that of the FM cellular systeia* Some 
of the assumptions in thlg particular calculation have been challenged 
as Inconatstent with eKistlng measurements (Jakes, 1974). We hold that 
the efficiency of spectrum use is at least comparable to that of FM 
cellular systems j and that continued investigation If \^ia£lfied. 

Satellite systems, with FM system designs, would have the spectrum 
efficiency of systems currently operating^ 5-10 channels in 150 kH^* If 
TDM techniques are feaiible, the effective channels per megahertz could 
be doubled. Inherently ^ satellite systems do not offer the spectrum 
efficiency of small cellular systems* The advantage of satellites Ilea 
in their broad coverage. 
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Saotioh 7 Conclusions and Recommindations 



As a result of this study, the Committee offers the following conclusions 
and recommendations • 

Conclusions 

Public Radio Telephone Segvlce 

The demand for high-capaclcy public radio telephone seYvlea in the 
urban environment should be met with a newly designed system that will 
allow efficient use of the spectrum. In major urban areas, auch a 
system would use the "cellular concept'' in which computer'-concrolled, 
interconnacted base stations cofflfflunicate with mobile units on the road. 
Smaller cities may ba served by 3 single cell with automatic trunking. 

Private Communication Services 

A mobile radio system using the cellular concept could provide basic 
communications for both public safety and commercial dispatch services, 
but the operational needs of these two services, and Such communication 
traffic characteristics as holding times, may be so dliparate that 
separate channels would have to be dedicated to each service. 

Techno 1 o^es 

Two fundamentally different technologies have been proposed for 
high-capacity mobile radio service i 

• Transmission of voice signals with frequency modulation over 
radio channels that are separated In frequency (FDM), and 

t Transmission of sa^jples of the voice signal In radio frequency 
pulses that are separated in time. Several varlanti of this 
scheme have been proposed, including pulse amplitude modulation, 
spread spectrum modulation, and packet raaio* All have In 
comon the notion of tlme-'di vision multipleKing (TDM)* 
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Fr.>: 'i/iij technologies are f uudatnentally incompatible i a radio 
sysh..*^?. ^'^'-.i Lc fof one cannot communicate with a system tau.ilt for the other, 

'^mdijL-^ propagation of FM signals to and from mobile units in the 
ijtv^^n environment Is y^ell understood. This technology is now in use, 
and can readily be adapted to the 800 MHz frequency band. 

Radio propagation of pulses to and from mobiles in the metropolitan 
area has not bften extensively studied, particularly at the high pulse 
rates needed fof a spectrally efficient^ high^capacity system. Initial 
tests have recMtly been reported by Stanford Research Institute, working 
for the Defenae Advanced Research Projects Agency on packet radio 
(Nielson, 197?), Enough Is known about interferences fades, and multipath 
in radio propagation in cities to question the feasibility of ultra^ 
high-speed pulBe transinission , and to emphasize the need for propagation 
measurements pJ^lor to system design* Even if plans for basic propagation 
tests of high-'apeed pulse transmission In metropolitan areas were started 
now, it would be several years before the measurement program could be 
completed j a syitem engineered on the basis of nieasurements , and field 
tests undertaken* 

Satellite relay between mobile units is technically feasible, but 
the cellular cancept is more economical than satellite relay within a 
given metropolitan area* The principal advantages of a satiglllte relay 
between mobiles would be the opportunity to alert a mobile anywhere in 
the nation that a call is being directed to it^ and to provide service to 
remote areas not served by a terrestrial system. The costs of a satellite 
relay are great j and it is not known whether there are enough users to 
justify its eicpetise. Frequencies allocated to satellite relay must be 
different f rotn those allocated to the cellular system to allow multiple 
reuse of the sume frequency iv ; p"^-' cells within the coverage region of 
a single sateltlte b^atiTr v desirables however, to make frequency 

allocations for satelllte^t^^' :r,,^-'ii.M jerviee adjacent to the present 
mobile bands to permit use c on^^entlonal terrestrial mobile radio 
equipment * 

We conclude that for hlgh^capacity mobile radio telephone service 
in urban areas an FM cellular system is the most promising technology for 
large-scale production in the early 1980' s. Although this conclusion does 
not differ sigfiif Icantly from premises already being acted on, it was 
reached only after full consideration of some more dramatic alternatives 
that were finally judged to be technically unsupportable at present* 

Re C O mme nja t_i on s 

To implement high^capaclty public radio telephone service for the 
metropolitan afea In the near future, appropriate government agencies 
should I 

• Identify the FM cellular concept as the technology to be 
used In the 800 mz band; 

• Initiate processes for standardization of all parts of 
the system^ including mobiles, base stations, access 
protocols, and network arrangements, and 
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• Plan frequency assignments for initial larga tells wiC^ a 
view toward growth Into small cells and frequency reusa. 

Any plans for the dadication of channels in the 800 MHz band to 
such specific user aroups as police, fire, emergency units, or to 
dispatch sefvlces should include opportunities toi 

• Achlew reduced costs for all mobile services, either 
public or private, through high-volume manuf acturlni of 
equlpmant conunon to all, and 

• Allow private-channel mobile units to have access to the 
public network either initially, or If the experience is 
favorable, at some future time. 

To achieve these goals, system designs for use of the 800 MHz band 
should I 

• Follow the same FM mobile unit radio standards for both 
private and public use channels, and 

• Include the same protocols for access to private trunked 
and public cellular systems. 

To provide the basic knowledge for development of future complementary 
mobile radio systems, appropriate government agencies should encourage. 

• Propagation tests of high-speed pulse tranimisslon to 
and from mobile units In the urban environment; 

• Propagation tests of spread spectrum techniques in the 
urban environment. In such tests, potential 
interference among closely-packed user codes should be 
investigated; 

• Propagation tests of mobile-satellite confflunlcations in 
the urban area using both frequency division and time 
division techniques, and 

• Study of the demand for a nationwide satellite mobile 
cofflmunlcation system. 

For those systems where the findings of the propagation tests and demand 
studief are'positlve, appropriate government agencies should 
feasibility tests of exploratory systems using time-division multiplex, 
spread spectrum, packet radio, and satellite-mobile f^^^J^^^^" 
tprhnldues so that informed system choices can be made in the future, 

ifprapar"; frequency allocation plans for the World Administrative 
Radio SonfSJee^m 1979 , the federal government should take into serloua 
consideration the future use of satelllte--to-mobtle transmission in a 
band In or adjacent to a present mobile band. 



CHAPTER V 

Telecommunications and Community Security 



In addition to examining the probleiris of access to public aervlcei from 
the home and delivery of mobile public services, the Coraraittea studied 
the special case of accesB to public services (particularly emergency 
services) by people who are tliemselves mobile* Some form of radio 
commuiilcations could be tiecessary for such people under certain 
circums tances # 

A cODimunlcation network could be created to overcome two concerns 
often expressed by the elderly^ particularly those living In inner'-city 
areas* They txprass concern that an in^home accident or episode will 
leave them helpless and out of touch with anyone who can provide 
asslstancei and they worry about their ability to summon help if their 
personal safety is threatened inside or outside their dwellings* 

For many people in urban centers, the threat to personal safety 
and property is a serious social and psychological concern* The 
application of a systems approach to the problem of community security 
involves, among many factors , the use of current telecommunications 
and sensor technologlesf 

This Committee addressed a few narrow aspects of crime prevention 
with the objective of identifying some experiments that could gather 
data useful for a larger system study, and might have some palliative 
effects in the short run. Our proposals are not the result of deep 
study; they are examples of applications of telecommunications technology 
in a cooprehensive anti-^crime program. A more intensive and extensive 
study might . perhaps identify as targets for Improvament through 
telecommunications other elements of an anti^crlme program such as 
employment, job satisfaction , or education. 

The Committee, nevertheless 5 considers it worthwhile to test the 
thesis that personal security might be enhanced by telecommunication 
techniques through a personal security network* that would provide quick 
and reliable assistance to individuals under threat or actual attack. 



*In this analysis, the term "network" is used in the larger sense of 
interpersonal communications made possible by electrical transmission* 
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The Committee considered several examples in which teLibnology shows 
promise* 

• Placing an urban dweller in nearly instantaneous voice or 
signal contact with police iorces whenever danger threaten.^, 

9 Making it possible for an urban dweller to transmit an alarm 
to police or neighbors, and receive an instantaneous response 
that help is on the way* 

The central purpose would be the physical and psychological security of 
defenseless citizens, particularly the aged, the young, the handicapped j 
and people living alone* The use of teleGommunications to re-establish 
a sense of belonging and trust in a neighborhood may have an affect on 
urban life similar to th^ effects of architecture observed by Jane 
Jacobs (1961)* 

Federal support shouJ be used to encourage demonstration projects 
that would be observed an : evaluated to determine the effects of the 
network on the community j and to determine the technical developments 
that could improve network performance or overcome obstacles to full 
utilizationp In the Committee's opinion, funds necessary for experiments 
leading to the developments maintenance, and iuatlon of personal 
securicy networks would be comparatively sma.. 

Much of the malaise of the cities has fundamental social origins. 
Telecomiaunications can at best act only as a Band^Ald when major social 
intervention is really needed. But, for a change, telecommunlca clons 
might help overcome rather than contribute to the sense of anomle* The 
growth of Citizens ' Band radio testifies to that effect, 

A network could most easily be established where the elderly 
population has both a physical site at which it g^::-hers and a visible 
organization. Measurements could be made on the social effects of 
telecommunications support^-^enhanced sans^ of security , reduction of 
actual crime, : tection and action on crimes in progress , lives saved by 
timely medical intervention, etc. 

The general goal would be to enable community members to communicate 
with one another for mutual support, and with the community center for 
calling in public services (police, ambulance, fire fighting). To bs 
economical, the experimental network should be operated by the elderly, 
and should consist of relatively cheap and simple telecommunications 
teiminal apparatus. Such a network could be organized around state--of-- 
the-^art equipment, but several different types of terminals should be 
tested. 

The conimunications center, run by the elderly commanity on a 24^hour 
basis j would be in contact with police, fire^ and emergency health 
services on a direct or rapid dial-up mode. Radio links (CB, common-^ 
carrier cellular, low^power telemetry, ef:!,) would link mobile users to 
the center. Land-line telephone-^-used J. .iginatively in modes from 
broadcast and party line conference to auonymous alerts^-would connect 
the users to the center from fixed locations (homes, apartment hallways, 
garages, meeting places, alarm boxes) to the center* It is also possible 
to impose a carrier on a telephone line at a higher frequency to carry 
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alarm signals or to obviate the need to dial. This sarvice is calleci 
Added Main Line (AML) . 

Participants in such a community network would hci given (for the 
demonstration) transceivers of several types* At least one type should 
be sufficiently smaJl to be attached to the body or clothing. If th 
has insufficient power to make direct contact with the communication 
center, a second type could be supplied to provide automatic relay tium 
an apartment to an outside window antenna - 

The community should organise the network to meet the priorities 
the community sets for itself* Examples of procedures might includes 

& Checking periodically on each member of the cominunity 
during the days and at specified times during the night. 
Between checks, individuals would be encouraged to use 
the communication network for social support of one 
another (late-night convarsatlons , organization of group 
shopping trips s requests to shoppers to buy materials 
for other > etc. ) 

• Notifying nembers of the cor riunity^s planned activities-^ 
the proposed times of departure and arrivalj expected 
route, and desired check interval during the route* The 
communications center could track the individuals , and 
might even alert police patrol cars not otherwise engaged 
to monitor the routes 

o Adapt! transceivers to signal when wearers fall, A 
body :\ sceiver could include a s^ ^w--leak mercury 
swit r ti activates the transcei^ Co transmit an 
ideniirvl signal when the waare^ from a vertical 

to a ii i .:Qntal position* One pr ^?ould be the 

incidence of false alarms triggei^.j by orgetting to take 
of f the transceiver when going to bedj or ac< ^.2n tally 
dropping it* The community would learn to dnul with 
false alarms by social pressures, and by action at the 
communications center to sort out false aiarms-^-f ollowing 
up a non^vertical signal with a telephone call to the 
apartments asking neighbors to check out non--vertlcal 
signals, and calling for police investigation if 
necessary . 

@ Controlling transceivers from the communications center 
when necessary* When an Intruder is encountered and the 
body t insceiver sands a signal j the communications 
center could take control of the transceiver and switch 
it to a mode in which a person at the center could speak 
directly to the intruder through a voice amplifier on the 
victim. The character of certain acts might become very 
different if the aggressor knew that nutsj 'ers were aware 
of a crime in progress. 
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• Developing add--on devices that would enhance the 

c jmmunicy security sysLanii such as an individual locator 
mode to Identify the position of any transmissions, and 
multiple networks on the ^ame radio channels to allow 
overlapping use (through more sophisticated modulation 
techniques ) . 

For demonstration purposes 3 the federal governinent is urged to 
support several networks and the development of several types of add-on 
equipment. Ultimately, equipment will become commercially available 
for purchase by individuals* The trade-offs of costs and benefits would 
be made by the members of the network. The role of the government would 
be to gather data on the effects of such systems on crime rates and on 
citizen satisfactlonj to encourage demonstration, and to help generate 
a market through support of initial development. 

A number of problems may arise concerning control of the network 
when non^members interfere with operation of the network* These could 
be alleviated if members had a reserved channel (through modulation 
techniques). The noise level might rises but some communication would 
be possible. Existence of such a netwoirk might also encourage crlininals 
to become more highly organiEeds to use the network to determine whether 
the crime has been detectedj or to jam t.'ie network to discourage 
intervention when a crime is in progress. 

The demonstrations could help define the characteListics of the 
network: whether the radio portion could be used for indiscriminate 
chit-chat (in view of security and of cori scticn of the radio band), 
range (5 miles?), number of users (a few hundred?)^ duty factor per 
user (0.1 percent?;, time of day (mostly early evening?), propagation 
environment (2 to 20 story buildings in a grid layout?), traffic pattern 
(Main Street with half a dozen dangerous side streets?), and 
psychological Imperatives (signal type, acknowledgement requirements, 
reliability, uontrol of use, cost per user, etc.)* For some of the 
mobile equipment to be low cost (say, under $100), it will have to use 
low power and narrow bandwidth^-providing less than toll^quality voicap 
Some functions are best handled by the ubiquitous telephone network 
and others by the radio net. 

There are economic questions 1 who is the beneficiary 3 who is the 
suppllerj who pays? Telephone rates to and from the center should be 
made low, but a special tariff, similar to '-lifeline*' rates, might be 
required . 

By itself, a government demonstration, without any plans for 
transfer to a community organization, would be almost pointless. It is 
important to have a total plan for such a demonstration, from concept 
through continuing, self-sustaining operation of the network. 

One of the components of any study would be to determine the 
relationships between community security networks and both the 911 system 
and automatic vehicle location systems. Clearly s a generally applicable 
personal alarm system has to be devised that is not compromised by 
sharing with other community or social services, or with the already 
overcrowded Citizens' Bands. 
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The comTnunlty security network is a new concept in which a wholly 
different social need is being addressed— one that may require esoteric 
technologies , ingenious equipment designs , and a specialized network 
architecture. The comniunity security network is critically dependent 
on the mobile part, whereas other networks can treat the mobiie access 
as only a desired option* 

It may be premature to improvise expensive partial solutions in 
terms of specific hardware and communicatlonsi networks, outside the 
conte^tt of other efforts being made Co reduce crime* It is not advisable 
to proceed in haste with some "quick fixes'" that are insufficiently 
tested* Improvizations that backfire discourage the formation of major, 
meaningful projects. It would be better to experiment with components 
and systems in a social laboratory that yields data for a more complete 
system study. The efforts and resources involved in such a social 
laboratory need not be formidable. 
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CHAPTER VI 

Telecommunications in Energy Conservation 
and Management 



At the request of federal agencies supporting this studyj the Committes 
exanilned the role of telecommunicationa in national energy policyi We 
find that teiecommunicationg has a peripheral but potentially significant 
role in energy conservation and management. This chapter examines the 
use of telecommunications : 

• To substiture for transportation; 

© To transmit real-^tirae demand and pricing information between 
customers and utilities; 

# To facilitate load management ^ to promote the maximum use of 
efficient generating plants j and to reduce peak demand, and 

© To Support a growing bulk power market. 

Existing telecommunications technology is largely capable of 
supporting such applications ^ even though certain terminal equipment 
needs to be designed ior sonia specialized purposes. 

In assessing the degree to which telecommanications could reduce 
the use of energy for persnnal travel, the key issue is whether 
telecommunicaL tons is an acceptable substitute. The combination of 
telephone communications (both teleconferencing and Qne-^to-one 

'unications) and tace-to--f ace meetings ^ appears to be more effective 
ther alone* It would be oversimplification to assume that a 
stance telephone conversation exactly replaces X miles of travel 

.ves Y gallons of oil* Furthermore, studies indicate that 
Lt 'Communications offers a greater potential for reduction of Intra^clty 
travel and commuting than for reduction of Inter-city travel* Several 
experiments and prototype systems have sought to demonstrate and evaluate 
how fuel may be saved by replacing travel with telecommunications* The 
total savings in netroleurn by additional substitution catintt be predicted 
easilys but est :es have been made in the range of a few percent* 

Addltionaliy J automatic mPLer reading enables establishment of 
time-variable, demand'-depender rate structures, providing inceiitives to 
custcmers to manage their own land distribution and providing improved 
data on consumer use to utility companies* Potentially, automatic 
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meter reading can save the expense of meter-reading personnel and reduce 
electrical theft. Furthermores if electricity, gas, and water services 
were all read automatically, savings in fuel might be considerable, 
(Some aspects pf energy conservation in the home have already been 
discussed in Section 6 of Chapter III,) 

In the area of load management related to the retail use of 
electricity, telecommunications could provide the consumer a broader 
range of options and permit better planning of energy use. More 
detailed data on consumer use would enable the power company to improve 
the quality of its market demand estimates and the assessment of such 
influences as weather, public events, seasonal and diurnal variations 
on the demand for power* 

At the wholesale level, greater use of telecommunications systems 
could create opportunities for a substantial expansion of the bulk power 
market. 
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Section 1 Telecommunications-Travel Substitution 



The anergy crisis has stimulator: a prodigious number of studies of 
techniques for energy conservation. One approach to conservation seeks 
to achieve more efficient utilization of energy resources to perform 
Che same functions; t'-inther approach seeks to extract more poTOr from 
the same amount of £vdi.\/ With either apprQach---Eimple conservation 
of energy resources ot more efficient conversion of energy resources 
into work-^there is a growing awarenese of the promise of significant 
energy savings from the use of telecomraunications In place of 
transportation* There is already a signlficanC body of literature 
examining Che possibilities for Bubstltutlon, but a p.reat deal of it ig 
reiterative and highly speculative* 

One of the most comprehensive surveys of the subject (Harknas^ 
e£ al • , 1976) reports on a variety of means for substituting informatio^^ 
transfer for intercity travel. This survey Ideatlfles as most promisi 
the use of teleconferencing, from voica^only transmission to full audi, 
visual and gTaphic transmissiDn. A number of studies confirm the 
report's conclusion that the potenulal energy savings are substantial. 
The studies are summarized briefly in Appendix A; some prototype systems 
are su^D^arlzed in Appendix B, 

The cantral issue, however, is not whether a signif leant amount of 
energy can be saved by substituting telecommunications for travel^ but 
whether it Is Hkely that substitution will be made to a significant 
dt;^ree. EstliLates of the potential for cubstltutlon are summarized in 
AppendiK A, Studies indicate that a significant amount of business^ 
related travel is highly susceptible ^o substitution by telecommunications , 
depending on the type of comfflun:! cation services available* On the other 
hand, the indicators are not in one direction only. For examplej one 
study suggests that communications and transportation are, in generalj 
matually reinforcing (Cowan, 1973) • Thus, travel may stimulate 
telecomraunications, and telecomuiunications may stimulate travels creating 
occasions for travel by speeding up the pace of economic activity.2/ 
There is, however, no reliable empirical evidence on this issue. 

The potential for energy conservation in substituting 
telecommunications for intercity travel, though significant, is a 
fraction of the potential that is offered by the substitution of 
telecommunications for intracity travel and commuting. In particular, 
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teXecommuting--the use of tfllecomfflunication i ' tc j..:-:! ut aUwi.nate 
routine trayal to and trom joba—holas nrouii or lar^e B.Hvims (wee 
Appendix k for eatimatesS, This might t^'*;.^ vh- forrr of ii^ugTAvhlc 
decentralization through nelghbcfhood office c^-rters. Th,^: pr.tent:i..l 
savinis need to be qualified. It is posolble th.,t nt. );hbm-hood oj i: lcc 
locations could consume more energy than longer-d leta'.-,- conimutiwg. It 
does not automatical y follow that disperBal of work canLers to suburban 
locations would result in ehorter commuting difatancea (Harkness _et aj_. , 
1976). Decentralization could produce a shift r'rom a more efficient 
mode of travel to a less efficient form where decer.tralization results 
in a shift from public transit to automobiles. Mais transit is typically 
designed along hub-and-spoke lines, so the availabili.:y of mass transit 
between and within suburban areas is much more restricted than it is 
between suburbia and the core city. 

It is uncertain whether intracity substitution will take place on 
a scale large enough to produce significant energy savings. In contrast 
to intercity business travel, there does not appear to be mjch empirical 
data that would shed light on the question. Business travel usually 
takes placa for reasonably specific purposes which ^re at least centered 
on, even though not necessarily occupied solely with,, the exchange of_ 
information. However, dally work routines are more complicated. It is 
theoretically possible, of course, to perform office worn with the mere 
exchange of information. However, the social reality is quite a bit 
different—the actual exchange of ■•nformation being Inseparable from the 
social contacts possible only in . .. environment of at least occasional 
face-fo-face encounter. Of course, in neighborhood offices some such 
aggregation of workers would still take place, but such face-to-face 
encounters would not be among the same range of people. 

This last point raises another more general coiicern— the social 
effects of neighborhood work centers. Although neighborhood work centers 
offer attractive f eatures--alleviatini the strain of commuting long 
distances, saving time, reducing problems that are thought to attend 
concentration, such ag crime, congestion, and pollution— some aspects 
of neighhorhojd work centers are disturbing. They -ould lead to reduced 
social Interchange, particularly between socioeconomic and racial groups, 
because in the long term workers would be sorted out by neighborhood. 
Neighborhood work centers could exacerbate the problems arising from the 
flighc of .he middle cla^mu to the suburbs, and the consequent drain of 
fi-ancial sunport and .-social concern for cities and their problems. The 
idea of decentralizing wo,-k locations warrants further pursuit, at least 
experimentally, but the many social and economic cont.equences of 
naighborhood work centers must be considered in conjunction with the 
more immediate concern of energy conservation. 

Above all, there is the need for some reliable information about 
the quality and effectiveness of the work performed. There is no 
significant experience with this concept, nor have the more suitable 
Industries oeen Identified or the effects of size and density of 
metropolitan areas been estiaatad. Without empirical data, we can only 
speculate about the potential savings or the broader social effects- 
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Wi^h respact to intercity travel, thuJ^-: have been some studies of 
attitudes exprei sed by businass ard yovernment* but much remains that can 
be learnad only from experiments, Td/'o have been a few experiments ^/ 
on a very limited SGal*-, but there ha^ bean no systematic study. 

It is possible, of course, that the situation will take care of 
itself. If telecommunications SU',: .lituclon is found to be cost effective, 
we might expect It to be adopted without government intervention. The 
difficulty with this assumptiori is that the energy costs of travel may 
be a very small part of the individual flrm^s budget—too amall to induce 
the firm to search for cost-saving alternatives (bearing in mind that 
the search i?:self is not without costs)* In addition, a number of 
external costs associated wir/h travel (congestion, pollutioni the costs 
to future gf^neratlons from long-term energy scarcity, etc) may not be 
adequately internalized In the cost function of the individual firm. In 
the former Instance, the case can be made for government intervention by 
disseminating information about teiecommunications alternatives; in the 
latter Instancei government economic support for telecommunications 
alternatives may be warramted. In either case, however, there is a need 
for better information about the efficiency of telecommunications 
substitutes and about other social and economic effects. 

While scholarly convention demands a plea for more study and 
research, it Is appropriate to add the caution that what is needed is 
some concrete empirical information on travel and telecommunications 
patterns, on substitution, and on effects* A set of detailed proposals 
for further research is set out in a atuay by Harkness, Tyler, and Pye 
(1976), Including proposals for analysis of changes in travel costs 
after the introduction of teleconference facilities. A few g^ineral 
comments may be appropriate. 

There is little to be gained from -urther work that merely 
calculates the amount of energy savings tg be gainf?dl from particular 
substitutions. While the evidence on energy savings is not by any means 
complete, it is enough to justify the presumption that savings are 
potentially significant, depending on the degree of substiturion. For 
example, the National Aeronautics and Space Administr'^tlan ^ whar;^ a 
conferencing system has been in operation for ninr vears, estjmated 
for 1976 that teleconferencing replaced trave^ that would have uobc 
$3,3 million, or about 21 percent of NASA's travel budget. The annual 
cost of the NASA telacnnferencing network was about $500,000 (Data 
Communications, 1977). Indeed, at some level of generality it is 
intuitively obvious to this Committee that any net substitution uT 
telecommunications for travel (after discounting possible travel- 
generating effects) will yield ensi'gy sav:ngs. The hard question is 
whether, and under what circumscances , and to what degree such 
substitution can be Induced. Repprc^; of surveys conducted in Canada 
and tne United Kingdom (cited in Appendix A), suggeative of attitudes 
concerning telecoinmunications travel substltutioni contain estimates 
that tfilecommunicaticns might effactively substitute for 20 to 50 percent 
of bu*?iness meetings. But thf^rCi is very little empirical data about 
actual substitution* 

One might expect vhe ratr^ of tt^vi\l substitution to vjry with the 
relative costs ari convenifmcis nrav^i aad t^l r.communication& « Nearly 
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all the half-'billion phone calla made daily in the United States are 
one-'to^one* It may be that conference systems enabling multl^point 
connections and many^to^many conversations will offrnx new opportunities 
to conserve energy. Some of the conferencing syatems now in use are 
structured for polnt-^to^point conferencing, and do not take advantage of 
multl^point connections* Video systems are usually found only in 
conferencing systems with just two connected sites* Multl^point audio 
conferencing is available from telephone companies , but requires operate, 
assistance , 

Some conference systems combine audio, facsimile, .nid video 
capabilities in varying degrees of sophistication and cost, yet there 
is some indication (ChapaniSi 1976) that simple; ^-^xo systems may be 
equally effective. 

One obvious question remains i if telecom' i ' 1 ^ons can be an 
effective substitute for travel, why is it no*: i..-^ \g place on a greater 
scale? There is certainly considerable substiL' ■ now, but we need to 
know how more might be induced.^/ 

In this respect it is important to investigate the following^ 

# Under what circumstances can telecommunications be an 
effective substitute for travel? 

# What travel purposes and work functions can most 
effectively be performed by tilecommunications? 

# To what extent does the slse and density of a metropolitan 
area affect the substitutability of telecommunications? 

« Are there significant market imperfections that impede 
the adoption of economically efficient substitvtion? 

m If r :lecommunlc£\tions facilities are available j why are 
they not being used more intensively? 

^ Is information about both the technical and economic 
aspects of substitution adequately disseminated? 

« What cravel needs cannot be fulfilled by telecommunications? 

In approaching the investigation of these questions, new field experiments 
tc analyse the substitutability of telecommunications should be emphaslEed 
over efforts to analyze ^ -^t trade-offs. Care must be taken in these 
investigations not to fo: - the results by directing the level of 
substitutiQn or otherwise .:^kBwing the results in favor of a particular 
outcome simply to test the amount of energy savings that can be realized 
umUr artificial condl tlons * 5/ 

Cora-iuni cat ions can also be used to conserve energy indirectly by 
improving the efficiency of cravel. Perhaps the greatest opportunity is 
in the remote operation and monitoring of mobile fleets* Studies indicate 
that radio contact can reduce energy consumption 20 to 25 percent by 
more efficient assignment (Fediral Commmunications Commissionj 1967). 
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Remote monitoring and control of traffic lights can also conserve energy, 
but it is not clear whether energy savings alone would justify this 
application. 

It would require heroic imagination to insist that teleconimuciicacions 
offers a m& :;r opportunity for travel reduction in the foreseeable futura. 
Despite the i: technological potential for significant substitution of 
telecommunlr AMons for travels the social preference for personal j face= 
to-face Ir ^clons among individuals is unlikely to be voluncariiy set 
aside on la. scale in the absence of compelling economic and tixe 
advanta^^id;- ror telecommunications over travel. No such advantages ^rt 
evideni: now, nor re they predictable for the near future. At the margin, 
however^ increasec substitution of telecommunications for travel is quite 
possitle, and as an energy-^conserving measures desirable* Such a marginal 
increase in ^ub^citution for marginal energy savings does not warrant a 
prominent place on the energy conservation policy agenda, but it deserves 
some attention* 
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Section 2 Telecommunications and the Metering of Consumption 



For more than 70 years , the price per unit of electricity declined. This 
declina stemmed from the interaction of new technology, ecoi '-mles of 
scale, and market growth. By 1969, however, it became clear that a 
number of pressures would reverse this long-term trends the rapid rise in 
the coBt of new construction, eaaalatlng fuel prices, and tl^a cost of 
compliance with environmental standards. Between 1970 and •975, the 
price of electricity Increased by 60 percent (Council of :^c^te 
Govc^rnmemts, 1977). Some industry sources now project ^vffi^gm annual 
price increases of 7 ,5 to 10 percent. The rising price ci electricity 
during the 1970^s has drawn attention to the need to assv:- ? efficiency 
in electrii .tillty systems. 

To rajpciid to the broad needs of industrial and reEldential demands, 
utilities: f.^-4uently use several types of generating units f highly 
afficienf ba^a^load units , units of intermediate efficiency, and less^ 
for peak 'oads. Base-load units must bfi operated near 
recDVi^^r their high initial cost. Intermediate-load 

old?- base-load units. Peaking units generally 
COS. They are intended to operate ior ehurn periods 
its maximum* Telecommunications can promote greater 
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efficiency in the Bupply and distribution of electricity in applicationsi 



— becween consumers and utilities; 

~ within th' uciJity distribution system, and 

^ — bar^^een utilities, 

A number or utilities in the United States h.ive tried automatic 
meter reading over the pasc 8 to 10 years, but the practice has been 
exploited much more axtenstvely throughout Europe, Automatic meter 
reading reduces costs by eliminating mater readers, and by reducing 
opportunities for consumers to steal electricity by altering meters * 
Lar£a industrial customers have previously bean supplied i^ith meters that 
register ma..imum dermnd and energy consumed, Au::omatic meter readers 
cost $175 to $250 per unit, not iuciudlng the support hardwmre and 
software, 
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Meter-Reading Techno logles 

With microprocessor technology, mutar-^reading systems can be 
developed whose total costs (equipment Installation, data collection, 
and communications) are expected to provide a net over--all savings to 
the utilities when compared to the costs of the manual system now in use, 
particularly if several utilities in the same geographic region cooperate 
in the development and use of automatic meter-reading systems. 

Transmissio n Technologies 

A variety of transmission technologies have been investigated, 
ranging from the standard telephone line used on a singlc"-d1 ruction basis 
to cable television circuits used on a bi-directionai b.Ha.fi 
American Telephone and Telegraph Company has carr' J out r /airly 
extensive experiment to test the conimunicatioa p u of t cocal meter^ 

reading system for electric, gas, and water utii in several cities. 

The field trials of this experimenC have demonstrated the technical 
feasibility of using telephone circuits as communication links in a 
remote utility meter^reading system and have provided experience useful 
in the design of meter-reading equipment. It is encouraging to note that 
utilities of several types were willing to cooperate with one another in 
the development of automatic meter^reading equipment for this experiment, 
even though such cooperation is rare in manual meter-reading systems - 
Whether such cooperation is a necessary condition for cost--ef f ective 
automatic meter reading should be examined* 

Other tcicnnologies that are being explored and used in several 
relatively small experiments throughout the United States range from 
one--way ripple control systems using power line or radio communications 
to two-way digital systems using television cable* Effective information 
transfer rates range from 30 bits per second for the power line to 
300 bits per second for the Lelephone line and approKiTnately 2,400 bits 
per second for cablr: TV • The information transfer rati will be important 
in multifunction control and mater reading syscems in large metropolitan 
areas J particularly if time-of-^day pricing is Incorporated, and customers 
are given the ability to override tha utility^s control of their 
consumption of electrical energy* Many of the experiments have relied 
on radio communication or older electronics technology, but several 
recent eKperiments have incorporated microprocessor technology both at 
the consumers' end and at the interface between the data collection 
system and the computer for processing bills. 

Meter-Reading Systems 

One manufacturer has developed a combined telephone /power line 
system for automatic meter reading that ba,|ins at a reading/control 
center and communicates downstream through relephone or microwave trunk 
lines to section control units that communicate via power line to meter 
terminal units* Each meter terminal unit can accommodate up to four 
readings and three separate load^management devices. 
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Anochet company had developed an automatic meter-reading system 
chat communicates exclusively via telephone trunk lines* This system 
incorporates a computer-baserl master terminal that initiates and controls 
the interrogation of meters at consunier sites by dialing a special 
number for the access unit located at the telephone company switching 
office* The access unit makes the connection to each subscriber's 
telephone line without ringing the telephone equipment* The control 
equipment at the customer site reads und stores meter readings, and when 
interrogated by the access unit, converts the daca for transmission back 
to the master cerminal. Such a system can accomjnodate readings from 
several meters per customer, but has no load-management carat.Mities* 

Another quite almilar system incorporates a mlcroprocea.f- : unit at 
each customer site to carry Out load-^management commands In addition to 
accumulating data from several utility meters in a manner similar to one 
described in Chapter 111. 

One manufacturer has developed a prototype autoinatlc rieter--reading 
system that communicates either by coaxial cable or inicrowaves* In this 
system, each utility meter is modified to include a switch linked to thj 
meter register and connected through cable to a data collection unit 
called the data accumulator. The data accumulator can scan and sample 
up to 16 meters- It stores the data, generates the meter addresses, 
and sends the information via cable tn a radio transponder. A data 
acquisition truck drives through the area and continuously transmits a 
low-power carrier signal illuminating the transponder* As soon as che 
transponder is illuminated, it generates the second harmonic of the 
illumination trequency and retransmits the meter data. The truck 
demodulates the second harmonic signal and its data ar^ processed and 
reccrded on comput&c--compatible tape. This systeui is not able to 
accommodate time-^oi-^day meter reading* 

The power line communication system, known as ripple control, was 
developed for use in Europe. It provides extremely slow data'-tranamiasion 
rates* In this one-way system, a coded message is superimposed on the 
power line network and is interprrt^d at command-receiver relay devices 
located with each ut lity metei rreister* The receiver relay reacts only 
to certain codes, and such discrimination allows the relay to control the, 
register selectinn (for dual rates), load^delayable items, and other 
industrial and residential switching devices, Bc^cause of the extremely 
slow data-^transmission rates characteristic of this one-way system, 
substantial effort has been made in the United States to develop a two-- 
way power line system* The major difference between the two^-way system 
and the one-way system is the Cransmlssion frequency. Because of the 
higher data--transmission rates required in the two--way system, a wider 
bandwidth and higher frequercy (up to 100 kHz) are employed. The power 
line distribution system is inherently designed for low-frequency 
operation, and Eransmisslon difficulties have been enrountered when such 
high frequencies are used. Other problems have arisen because on-line 
utility transformers act as filters to the higher frequencies* Such 
problems raise questions about the system* s reliability thar are as yet 
unanswered* 

As noted earlier in this report, radio control systems or radio 
communication systems have been in use for a number of yeary, primarily 
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for consumer load cpntroi ^nd meter s^^itchingi These are generally Dne- 
way systemsi the cufftonier cannot ovefride the utility's control, Qm 
manufacturer has raaeatly tevQloped a radlo'-controlled meter-^rBading 
eystem that uses cables to coiineGt groups of consuoiets to nilcro\*/ave uiiits- 
This radio cQncrol syatein ti^ea the radio frequency spectrunii which must 
be allocated by the FCC, ln.t«iff erence from other radio services affects 
the reliability of this sy^atenu 

In a cooperative^ projact betiween Michigan State University and 
Rockford Cabie Vlsiptij Inc.-, a btoadband TV cable system has been 
investigated in a prelimlaiiry v^ay With Incerestlrig results (Michigan 
State University 5^ 1977 )^ Because of the laTge band\^idth of cable 
television, Gormiunlcat ions for automatic meter reading and consmner load 
management cati be accoinp-li shed more efficiently thari ^Ith either powex 
line or standard tal^phoTie lln^ canimunicatictig system^ # The eHpanded 
bandwidth allov^s datg transmisston at signiiicant ly higher speeds than 
po^er or telephone lltias curteritly accomniodate- It has been estimated 
that a broadbarid cable Bysteiii is capable of providing a sampling 
rate of up to 5 ,000 coriBiimers per second pe* chantiel^^conslderably more 
than a telephorie ayBtenij whLch can handle approxiinately 2sOOO consumer 
readings per hour* 

The three major advantages of cabl^^based conitnunications systems for 
automatic meter reading have been Bummarlsed (Eldrldge, 1972) i 

• Wide bandwidth cable eystetns can be used to significantly 
reduce the cQmpleKlty and cost of tnater^readlng and 
encoder aquipment by eHminating the need for sn account 
storage unit at each tetnilnal; 

• Required cable conirTiuriicatiori chatiTiels tn the subscriber's 
data cerfnlnal can be tiine-^shared wich a number of other 
services^ 

9 Simplified and shared terminals in clmt'^shared 

communicatlonB chann^is result in low iris tallation , 
maintenance j and deprecifaclon eKpenses for thfi cable 
system as v/ell as Inwer cpinmunicst Ions cost a per 
individual servedi 

The wide band^ldch of cable systetns ^^ould not be fully occupied w^lth 
automatic meter reading as currently cQncel\fed, but would remain available 
for a variety of additional aappllcaCions in the future* The fundamental 
limitation of cable met er-rc^dlfig systems i& that their availability 
depends on the eKpanslon of broadband TV facilities , v^hlle telephone lines 
and pQV^er lines are already well established* 

It is projected that cable TV systems v/lll reach only 40 percent c£ 
all TV homes by 198 3^ But id Is illcely that the Itnplemantatlon of 
automatic meter reading ^111 proceed very rapidly during the ne>ct decadej 
because microproceBsor technplogy Is advancing rapidly and the aost per 
customer unit Is esttmted to $200 or less* For meter-reading systems 
that use power and telephotie lines » the added cost Is primarily associated 
with the addition of iiitcropr^cesaDr control units at customer sites and at 
data collection and processing sites. 
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The basic cotwnutilGationfl and electronlci technology, particularly 
microptocegsor technology , needed to impletnent automatic meter-raading 
systems in the mxt decade la available today^ Current costs per terminal 
unit (ranging from $175 to $250) resarlcc ImplRtiientatlon of AMR aystamsi 
but large-scale ptoduGtion may reduce costs to $100 to $200* Non- 
technical barriers Co ImpleDiantation of AMR include uncertainty about 
rate design, tlBie-of-day pricing, and cooperation between different kinds 
of utilities In a geographic area. 

The justification for automatic meter reading has been given here 
in tarme of eavlugs to the ucility and better energy fflanagement by the 
cDnsumer* Perhaps of greater significance would be the Improvement In 
operation and control of the utility syacetTi made possible by mora 
detailed, real-ctma Infortnatlon about energy consutnptlon patterns that 
autofliatic meter reading would provide. This is discussGd In the following 
Sifectlon* 



Section 3 Telecomrriunltsatioris in Lead Managemerit 



The concept of load managenient for electric utiliti^i Is baaed on the 
undamantal asstimptlDn chat b smoothing out of the system load from 
industrial and rasidenttal Cpnautners v^ill improve effiQiancy In the 
production and Histri burion of eltntrlclty* 

Sinc^ 1967 J annual load imctotB^ foi the electric iitlllty industry 
have decltned^ Teflectitig Che gfowirig dofliinance of summer peaking 
aaaaclate^ with air condltlptiiiig (Federal Energy Adniinlstration, undated). 
The nation's regional rellabtUcy co%iricllP project art ai^erage annual 
rate of gtowth in summer pmk demnd of 6*3 percent thtcugh tha period 
1976^1985* a growth In capacity of 5*5 percent and a grov^th in total 
energy coniumptlon of 6,15 p^tcetit (Jedet&l Power CoimBtsiion, 1976)* 
Fossil fuels accounted for 7S percent of the electric pwet generated 
In thl^ country in 1975^ and according to an fPC forecasts would account 
for 73 percent in 1980 (Pedet^al towe^ Copii^liiionf 1976) ^ Attention to 
conservation and optiini Eation will reffialn an integral part of power 
planning. 

An Improvenient in the load tactor My help consetve primary energy 
resonrea^ and a more nearly optinial uae o£ generacion plant. The 
conservation of primary energy r^eouTces ^ould result frotn shifting more 
of the syEt^tn load to the mota fiael-ef f iclent base-load units, Slnca 
the load factor and fljced unit costs ate inversely relatedi a more nearly 
optisial load factor would reduce fixed unit costs in the short term. 
Over the long terinj the new QHpltal investinent otherwise needed to 
satisfy grov^th in total deniEnd could be avoided or acGOfflmodatad by a 
proportionally smaller eKpan^lpn of planCj iince growth would take place 
primarily during off-peak periods • 

The utilities have Improved their ability to respond to variations 
in load raquiremencs by pooling ar rang^fnents * Local sharing of generating 
capacicy does not necessarily uffer relief froni pealcsi however, because 
when peak demnd is high in one area^ it apt to be high In an adjacent 
area * 

To induce consumers to sMft tbei^ loads to off-peak periods, the 
electric Utilities and sCatQ regulatory commissions appeat to place 

*Load faccor is the ratio of cht average dftiflaud to the njaKimum demand 
during a specified period. 
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primary reliance on tate structure t^f^m *ind more Bophlsticated matering, 
Both meaiuires apply primarily to feUll mXm of elcctrlGlcy (sales to 
ultimate cuatomera)* Prtclng or rate atruccure refoms haye been ordered 
by several state commissions » such as thaae of Wlsconslni Mlchtgan> and 
Ne^ Vork* Other pricing reforms have hmm tested in pilot ptojectB 
ftnaneed by the Pederfll Energy AdnitniBtriiLloni A broad investigation 
— the Electric Utility? tote XJeslgn Study-^-liai also beeii undettaken under 
the joint sponsorship of the Electric PoWeT Research Institute, the 
Edison Electric Iiistitate, the toaricau Publte Powr Association , the 
National Rural Electric Cooperatis/ea Aaaoclatlon, and the National 
Assoolation of Regulatory Utility CommlasiQners . A central feature of 
peak-load pricing is the estabHshmWt of pe&k/of f--peaR differentials 
that will discourage peak growth and promote off'-pcak growth* The 
unanawered question ts how consumers will r^^a-it to a variation in price 
between peak and oCf^peak periods* 

In another approach to lotid managenietit ^ the utility controls eertain 
non-essential appliances if customers agree to accept interruptible 
ser^^lce* The Detroit Edison Compatiy syatem* for eKamplej ernploys a radio 
Gotitrol to turn off electric water heaters v?hen load reduction is 
ne<^ded» In moBt cases , customers ate unable to override such utility 
control I and are given a lower rate for this Interruptible aervice. 
Control by utilities vlH probably he practiced more eKtenaively in the 
future to adjust load deniand at Che peak^ to Increase use of base 
generating sfsteias rather than peak generating systems, and to reduce 
reservB requirements * 

Communications can also be used to autornates monitor , and contrpl 
a ntilicy's electrical distribution pyst^i communications now exist 
between the utility control canter and the distribution system, but the 
use of remote automation Cecliniques hold^ promise for improving system 
reliability by enabling distribution facilities to be reconfigured in 
response to changing load patterns* 

^^^lusi£ns_(^Loa£^aM 

The technologies required to Implenient control and communicationi 
systems for load control and automatic metric reading are ^ell developed, 
particularly the seffllconductor techtiology supporting the widespread use 
of microprocessors in control and coinniuntcations systetngt 

A significant number of eKperlinents ate heing carried out in the 
United States to test \rarlous utility and consumer load control 
techniques* EKperlmentB with automatic teetering systenis-'-ranging frDm 
power line control^ the use of standard teleplione lines, radio 
coflimunic^tlon, ^nd cable tele\^islon ^/---arc yielding valuable information 
that can be used during the next sev«al years to assess the over'all 
effectiveness and ac^.eptanc^ of load control and meter-'reading techniques ^ 
likely to be Installed in the near future on a widespread basis. 

Load management at the retail level suffers from two major 
infifmltieS. First, it is by no means cleat that current proposals for 
rate ^truc^:ure reforru and ne^^ metering techniques will afford the 
consumer an adequate range of choice* The ultimate m±% of peaK-load 
pricings tDttering and associated control inechanisms must give all classes 
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a£ consumora n t&mombl q bfXBiB for choiQo betwot^n cillifurenL iavuiH of 
Service quality refieCKed In cliffurent luveUi of pficcs* Too often, 
peak And off-^pealt uBe ar^ defined In mucIi broad , InflaHiblu terms that 
residential* cQniinttrcl.iJ , and Indii^triai ubbvb Uiwo too liutle latitude 
for altering consumption patternfl, A peak perlad that eKtends from 
7;O0 3*01* to 7 \00 p,m* Uciah day, for oKamplo, provides little incentlvt^ 
for customer selectivity ^ and maj^ lead to conBlderable user antagonism, V/ 
In cpntraBt* a greater reliance on te Jeconiinunicatlons technology and 
micro»praceasing would noein to hold the potential for greatly expanding 
the range of options ^ivnllablG to the consuniGr, ' Such technology could 
prQiiide terminals that show daily and suasi?nnl peak periods based on the 
Actual eKperience of the utility, and uhat indicate price during ponkj 
intcrintadlate J and off-^-pGalc picrlods, as well as projected chargei on an 
incremental and cumulative basis, de pending on the pattern of ubq 
selcated. The Informacion collected by a communicatlonR netwurk would 
pertTitt the utility to engage In more effective load planning and to 
refine i on a continual basis, the cost-of-service characterlstlca for 
eacti class of cus tamer. The latter, in turn* would allow successive 
ref ln=ements in the design of rates based on actual experience. 

The second problem in load management at the retail leve] is that 
the BiatKets served by a given electric utility may be too limited for 
^ny combination of metering and pricing tu achieve a high load factor* 
The marltet area and scale of operations must be sufficient to achieve 
the Dbjectlves of load management. If the extensive and intensive 
niarkets are too restrictive, the reeults of pricing and metering efforts 
^re cetcaln to be mlnlinal. In effect* the firm may be a suboptinial unit 
for such planning, A more comprehensive view, which may need 
encouragement fron^ the federal governments would include wholesale as 
v/ell 4S retail sales, and could open a new dimension for achieving a 
high level of conservation and efficient use of aggregate plant and 
facllltiea- A wholesale market is discussed in the next section- 

Jrom this brief study of the use of communications in load control 
aud aXitomatic meter-dreading ^ it 1b clear that the following actions 
shouL< be encouraged by the Department of Energy: 

% Continued eKperlmentation with schenies for load control 
and autoTiiat Ic meter reading that accommodate peak pricing 
and broacien customar choice; 

m Studies of rate-making policies that would exploit the 
opportunici es to modify patterns of energy use afforded 
by the increased flow of information between consumers 
and utilities made possible by remote meter systems ^ and 

* Experiments of cooperative efforts by dissimilar 

utilities to form consortia to install automatic meter^ 
reading systems- 



Section 4 i Telecommunications in the Bulk Power Market 



Two UypuB of transactions uharacterize the wholesnie or bulk power 
market I Bales for resale and power exchanges- Large electric systems 
that sell power at wholesale to aniall distribution systeins for resale 
is the typical sale for resale. Power exchanges are typically between 
large utility systems thf^t buy and sell generating capafflty on a ehorti 
int armediate , or long-term basis* 

Most of the bulk power transactions are effected through pooling 
and Interconnecting arrangenienCs that link large, privately owned 
electric companieB in a particular region=^arrangements that vary from 
loose coordination to tightly integrated pools with centralized load 
dlBpatch * 

The more tightly integrated pools make eKtenslve use of 
coniinunlcatlonB in administration and management. Telecommunications is 
used to monitor reliability and emergency conditions * for scheduling, 
protective relayings and automatic operations. Dial telephone^ leased 
circuits j private microwave ^ and two-way radio are employed for voice, 
high- and low-^speed data, facsimile and video transmlasions.^/ 

In the 1960's and early 1970'b, the growth of the bulk power market 
exceeded the rate of growth of retail power sales ,9^/ This rate of 
growth reflected the substantial gains to be made by bulk transactions 
in reducing reserve requirements * permitting the sale of eKcess capacity 
Eton new generating units* and balancing diverse regional loads. 

A major unresolved issue is whether the bulk power market has 
realized its full potential* Critics of expanded governinent involvement 
in bulk power planning argue that the gains from matching diverse load 
characteristics between systems and regions have been attained, and that 
any residual gains are not sufficient to justify investmenc in a 
natlpnal power grid (U, S* Congress, Senate, 1976), 

Without becoming involved in debate over the extent and nature of 
federal Involvement, in the b.ulk power market, a nunibar of factors 
Suggest that significant gains remain to be realized* 

First, reserve margins of generating capacity vary significantly 
between different electric utilities. There may be excess capacity that 
could be eKchanged in the bulk power market* 
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Second, gains from balancing regional load diversities are largely 
a function of the apeed and accuracy with which such diversities can 
be measured- Greater diversity may eHlit than is now measured. 

Third i power tranimisslon losses are Inversely related Co voltage. 
Unit costs over dlatance could fall with higher voltages, thereby 
encouraging the bulk market to expand. 

Any significant eKpansion of the bulk power market will depend on 
the ability of buyers and sellers in that market to quantify the scope 
and magnitude of th^^e potential benefits . Estimates of the public 
benefits and costs associated with eKpandlng the market depend on the 
same type of Iniiormation* Improved gathefing and distribution of 
Information may well be the key to further growth of the bulk power 
market* 

Responaibill ty for gathering inforniatlon and data pertaining to 
the bulk power market is fragmented. The Federal Power Commission has 
general reaponslbility for fixing interstate electric power rates* 
Accordingly^ the Commission collects a great deal of information 
pertinent to rate=-base regulations sbIbb, and various types of 
transactions, but the data are neither complete nor organiEed for ready 
use by prospective participants in the hulk power market. It is 
reasonable to assume that power pools and Individual electric utilities 
also collect a great deal of data useful for the bulk power market* 
Such information is usually considered proprietary and is not often made 
accessible to the general public. Further^ the Interests of the power 
pool and the individual firm usually extend only to the immediate or 
adjacent service areai which is not a sufficiently broad frame of 
reference for analysis of the emergent bulk power market. The nine 
regional electric reliability councils ^nd the National Reliability 
Council also collect data* These are voluntary organizations ^ formed 
at the instigation of the FPC, and the tnesnbership does not necessarily 
represent all the interests with a stake in the bulk power market. In 
addition, the Nuclear Regulatory Commission, the Federal Energy 
Administration, and the Department of Energy have a partial Involvement 
in power generation and transmission matters * but their concerns are 
selective and often fragmentary* The state commissions exercise some 
form of authority over the electric utilities within their jurisdictions , 
hut tranBactlons in the bulk power matket tend to cross state borders* 

The future development of the bulk power market will depend upon 
the perception by utility companies of benefits to be derived from power 
exchanges on a regional and Interregional basis* A broadenedi readily 
accessible tnf ormation--data base would help buyers and sellers in this 
market make effective decisions* Telecomniunications could help make 
ample Information available instantaneously. The lack of clear 
responsibility in any single organisation or agency of government for 
collecting and disseminating such information will impede efforts to 
create the Information data base. 



Section 5 Conclusions and Recommendations 



Telecommunications can improve the basis for real--ti!ne decision making 
by both buyers and sailers in the retail and bulk power marketSi To 
the extent that communications enhances the effectiveness of decisions 
in these markets , ImprDved coneervatlan of energy is likely to f ollov?. 

In retail markets ^ communicationB holds the promise of provldlTig 
immediate and accurate Information on the price of electricity during 
peakj shoulder peaks and off-peak periods to all clasaes of eonaumera. 
For electric utilities, such information could establish the basis for 
integrating demand patterns and attendant cost'-of'-Servlce charaa teriitic 
For regulators 5 more precise information would be useful in evaluating 
rate structures and the adequacy of existing services. 

In bulk power markets, communications offers rapid exchange of inuch 
more information between buyers and sellers on the benefits and costs 
of power transactions between regions, systems, and firms. Although the 
transactions are compleXi ranging from short-term 24-hour sales of 
emergency and economy pov/er to 3^4 year sales of unit power ^ tha 
communications engineering involved is not a significant technological 
barrier* The barriers appear to be organizational, political, and 
institutional . 

All phases of the electric utility industry are under considerable 
pressure to come to grips with inflation, environmental constraints i 
and the energy shortage, and may b^^ unable to give full consideration 
to all the options for improving load management. perceptions of the 
bulk power market are too often clrcianscribed by the normal utility 
boundaries and political Jurisdictions. Although it is unlikely that 
examination of telecomniunlcations opportunities ^ill be undertaken 
before the reBults of the current series of pilot studies and 
experimental rates are evaluated, a thorough assessment at that time 
might point toward the greater use of telecommunications* 

To determine more precisely the potential contribution of 
telecommunications to energy conservation and management, we recommend 
that the Department of Energy: 

1) Evaluate consumer response to time-^variable, demand-dependent peak 
pricing periods made possible by remote meter-^readlng systems, PEA 
pilot studies will provide some insight into the elements of demand 
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elagtlcity, but neither these nor the EPRI-EEI studies will produce 
data needed to Judge consumer response to much more flexible 
definitions of peak and off-'pealc periods and the use of floating 
peaks * 

2) Analyze the effect on utility operating practices of more effective 
communications between consumers and electric utilities. Studies of 
consuiner reaction as reconimeiided above should be macched by an equally 
extensive inquiry into the results of refined peak^load pricing and 
meterings including two-way communlcatiQns on the operatitig practices 
and planning capabllicies of the utilitieSi giving special attention 
to the benefits for management froni forecasting loads ^ scheduling the 
maintenance of generacing equipment, and planning new Investtnents* 

3) Investigate the role of telecominunlcatlons in establishing marketing 
mechanisms to bring together buyers and sellers in a bulk power 
market- Because a bulk power market may be viewed as a form of 
commodity niarket in which power is bought and sold betwen electric 
utilitias for varying time periods ^ it is Important to determine how 
telecommunications can bring together these buyers and sellers, 
reflect all deniand and supply characteristics, assess transmission 
capacity ins tantaneously ? monitor and record all transactions, and 
facilitate a system of controls to bring all interconnected systems 
into parallel operation* 

4) Deterinlne what can be done to increase the substitution of 
teleconimunlcat ions for travel. To make realistic estimates about how 
much more Bubstitution is possible, concrete empirical information is 
needed on the substitutabllity of telecommunications for travel* 

5) Determine which industries and which jobs can best be adapted to 
neighborhood work centers. There is no significant experience with 
this concept, nor have the more suitable industries been Identified* 
More Information Is needed on the economic and social effects of 
work decentralization, 

6) Determine the feasibility of cooperation among dissimilar utilities 
to implement remote meter-reading systems* Utilities ccoperate in a 
number of areas—in the multl^utllity use of poles for example, and 
rtghts^of -^way , but a number of factors may impede cooperative efforts 
for automatic meter readingj Such as jurisdictional mismatches and 
different billing periods. 



APPENDIX A 

Estimates of the Substitutability 
of Telecommunications for Travel 



Intra-urban Transportation 

A study by the National Academy of Engineering (1969) reviewed by 
Poliahulc ( 1975) and Friedman ( 1977) Indicates a total of 85 percent of 
urban travel is for the purpose o£ exchange of ideas or information, and 
Is therefore susceptible to substitution by telecommunications * However, 
this figure includes recreation, social visits , etc., for which 
telecommunications is a limited substitute* When this is accounted for^ 
the potential for substitution is given as 15 percent* In 1974, this 
would have represented 7 percent of total daily petroleum conBumption^ 

Nilles rt al , (1976) estimate that even a 1 percent replacement of 
urban commuting would yield annual savings of more than 5 million barrels 
of gasoline. 

Harkness e^ a^. (1976) offer estlmatea of energy savings on the 
basis of alternative scenarios. By 1985 ^ a 20 percent substitution of 
telecommunications for bueiness auto travel (presumed to be partly intra^ 
urban) would save about 110,000 barrels of petroleum a day* Commuting 
to and from work accounts for more than one third of all travel by 
automobile in the United States. The development of neighborhood work 
centers to reduce commuting would yield savings of more than four and 
one--half times this amount. Work at home would save six times as much, 

Intercitjr Tra ns pgr tat i on 

Harkness et _al* (1976) estimate that substituting telecommunications 
for 20 percent of business travel by air (about 50 percent of all 
intercity air travel) could reduce daily petroleum consumption in the 
United States by about 80,000 barrels per day by 1985—about 0.3 percent 
of total consumption, assuming flights were reduced proportionately. As 
noted above, a 20 percent substitution for business travel by automobile 
would yield savings of 110,000 barrels-^-0 .5 percent of total consumption, 
Tyler £t al. (1976) and Katsoulls (1976) estimate comparable savings for 
the United Kingdom and Canada , respectively. 

With respect to substitutlbility ^ surveys of business in the United 
Kiogdora indicate that 45 percent of business meetings might be replaced 
by teleconferences using audio facilicies alone, and 53 percent might be 
replaced if video facilities were added (Tyler et al. , 1976). A similar 
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survey of civil Servants Indicateg that roughly two-thirds of their 
face'-to-'face meetings could have been transferred to telecommunications, 
and that narrowband CeleGommunications would be satisfactory for 43 
percent I with 23 percent raquiring broadband capability (Communications 
Study Group, 1975)* 

A survey in Canada indicates that approximately 20 percant of 
business travelers would have been willing to substitute 
telecommunications for their trips (Kollen and Garwood, 1975). 
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APPENDIX B 

Experimental or Prototype 
Systems for the Substitution 
of Telecommunications for Travel 

Polishulc (1975) revi^m several prototypeB or experiments involving 
travel substitutloni 

1) The NASA"- Apollo Teleconferencing Systeni has been in operation since 
1968 p NASA eBtimates average annual travel expenses have bean cut 
nearly In half through celeconf erencing"f rom $2- 52 million before 
1968 to $1*38 millipn stncei 

2) GSA Teleconferencing Service Is a nationwide system of eleven 
interlinlced confererice centers equipped with teleconferencing 
facilities for use by federal government employees. 

3) Metropolitan Regional Council Television System Is an audio-'Video 
teleconferencing network linking state and local governments in 

New York, New Jersey, and Corinectlcut . It is apparently in an early 
stage of development i Polishuk reports that the costs compare 
favorably to those for travel* 

4) Bell Labs Video Conferencing System linlta two Bell facilities in 
New Jersey (about 35 miles apart). 

5) Institute for the Fature FORUM System is a commercially available 
computer conferencing syBtem, The Aspen Institute is one of a 
variety of organizattQns using or eKperiinenting with the system, 

6) Telemedlcine systeinp have been established in various locations to 
link hospitals with peripheral health care sites* 

7) Educational telecommunications link campuses In several states* 

8) New York^Boston Bantling Video Teleconferencing System is an audio- 
visual system connecting t^o banks in New York and one in Boston, 
(From Polishulc 's description it appears that each bank has its own 
system^ used for internal purposes, to facilitate emergency 
communications. It does not appear to be used as a substitute for 
travel. ) 
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Notes 



iSeQ^n^ tel^cotnnufiiaatioti^ iev^lopni&nts 1ti i^obAle r^dt© aay lead to 
though trtes^ divelopwents migflt increase tt^e efflctency of 

App^ndlH B sumna^riges sofli Halted experiments ^^Itlx syeteina ttiit 



''Induc^d'^ Hied advisidl}ri Wi are pre^uc^abLy Int^rait^d in 
#d4At;t^n^l IndxicCTexits fat substitution fciyond thos^ inherent In 
^^atket e^on<3Wicsj however, onp inducicsen^ rolgtmt slojly be bitCer 
jjlieewin^tton of inf orwcioii ^.boiat the acortoniLc ad\r^n£agei of 

S^y Soine ^Topos^ls h^ve been m^e for e3cpertaet%ti la wHicn ladlvldlua is 
^ould te dljrectad to use ttiec^niDauriic&tlQns ira lliu of tca\rel vh^ra^er 
geaaibla^ Sucli directives in\falidate one of Che principal objects of 
th^ at wdy^'-'^Co ie^rn tote ab^uc tNr fawtotg go\rertilti5 wluntar^^ 
^xih^tt tuc iota uiid^r diffe^i^t c ircumsc&nces. do rioc need a spieclsl 
^tudy to tapt ttfh^ther people wi^X follow ordec^i* 

6/ BPRI/&C)E fi^stllHty teiCs M-^diarectlonal & offi^unic^tlcins are 
c^rt'eiitly belag ^arrifed ^ut with Sam Dleao Gam atid ElectFlc j O'Mlia 
P'tibli^ Pai^i^ Diitrict, J]^tt©it Edlscn, Caroilaa Vo^mt and Llglvt ^nd 
Long lalaiid -Ughtlng, 
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NOTES 



J/ Efforts Co further refine the peak period * siich as those let forth 
by the New York Public Service Commlsslonp do not geem to conatitute 
a ilgnificaiit iBiproveniarit in expanding the range of consamer choice^ 
f€^t exaniple, the New York Public Service Commission used the 
f<?UQw4ng rating periods In Case 26887"Long Island Lighting Co.^* 
Eiactric Rates^-SCZ-MP, Opinion No. lb-lb. Issued: Dec* 16^ 1976, 

Peaki lOiOO a*m*-'10iOO p.mi i June - Sept, 5 except Sundays. 

IntermeddLatei lOiOO a.n.^lOiOO p,ra. 1 Jan. =^ May^ and Oct. Dec*; 
7iOO a.in*^10:00 a,m* i All Months; 
lOiOO p.m*- Midnight \ All Months. 
Off Peak^ Mldntght - 7iOO a.m. i All Months, 



8/ Iriforrastion on the use of communications by Potomac Electric Power Co., 
as pare of its participation in the highly integrated PJM pool, was 
supplied by staff ttiimbers at PEPCO-s Consolidated Control Center. 

9/ Between 1963 and 1973, retail sales (i^e., sales to ultimate consuniers) 
of priwately owiied elactrics increased by 113 percent while bulk power 
sales flncreaaed by 223 percent. Seei W, Lindsay, '^Pricing 
InteJCB^atem Power rransfers in the United States," New PlTOensiong in 
Public Utilit y Prialng , edited by H. M. Treblng, East Lansings Michigan 
Scate University Bureau of Business, 1976, p«498. 
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